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I  Abstract 

^  The  major  purpose  of  this  investigation  Wcis  to  implement  subregion  allocation 
objectives  using  a  network  model  bcisecl  on  an  existing  subregion  allocation  binary 
programming  model  (Benabdallah  and  Wright  (B&W),  1990),  the  ultimate  goal 
being  the  application  of  subregion  allocation  concepts  towards  the  spatial  analysis 
of  satellite  imagery. 

The  multi-objective  aspects  of  subregion  allocation  can  be  accom.plished  via 
a  network  formulation,  a  formulation  vastly  simpler  in  complexity  than  the  binary 
programming  models  previously  used.  Without  a  network  programming  package  that 
could  maintain  integral  flows,  however,  deriving  the  solution  was  a  tiresome  task  for 
the  user.  Nonetheless,  several  new  concepts  and  advantages  to  using  networks  were 
discussed  and  demonstrated  to  the  degree  possible. 

Spatial  analysis  could  benefit  from  applying  a  modified  version  of  the  B&W 
model  to  the  pixels  of  satellite  imagery  in  a  way  which  takes  advantage  of  the  inher¬ 
ent  contiguity  of  natural  terrain  subregions.  Trending  and  forecasting  of  subregion 
changes,  tasks  that  rely  on  acquiring  data  in  a  consistent  manner  image  after  image, 
could  benefit  due  to  the  fact  that  major  spatial  characteristics  of  subregions  could 
be  extracted,  and  minor  spatial  changes  could  be  removed. 
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L  Introduction 


i.l  Image  Classification 

Image  classification  and  analysis  are  used  for  a  variety  of  purposes,  some  of 
which  are:  classification  of  imaged  terrain  areas  for  geographic  coding  systems  (6:7), 
analysis  of  terrain  imagery  for  geological  studies  (10:85),  (18:93),  and  recognition 
and  location  of  objects  (15:477),  (13:208),  (5:251).  The  primary  goal  of  geographic 
coding  systems  is  to  categorize  the  pixels  of  an  image  “into  land  cover  classes  or 
themes”  (6:28).  One  such  classification  scheme,  the  U.S.  Geological  Survey  system, 
details  over  30  different  areas  (such  as  residential,  pasture,  lakes,  forested  wetlands, 
bare  exposed  rocks,  shrub  and  brush  tundra,  and  glaciers)  into  which  terrain  may 
be  classified  (11:52-53).  Geological  studies  employing  satellite  image  analysis  at¬ 
tempt  to  understand  regional  tectonics  and  aid  in  finding  oil,  gas,  and  mineral  de¬ 
posits  (10:85).  Finally,  the  area  of  analysis  concentrating  on  object  detection  can  be 
used  in  such  areas  as  aerial  navigation  systems  (15:477),  robot  and  machine  vision 
systems  (13:208),  industrial  parts  manufacturing  (16:363  -364),  and  automatic  target 
identification  and  location  (14:456). 

Although  much  aerial  and  satellite  image  analysis  is  performed  by  human  an¬ 
alysts  (10:85),  (18:93),  “computer-based  methods  of  analyzing  digitized  imagery” 
(14:456)  are  needed  for  a  variety  of  reasons.  One  reason  is  to  keep  the  overwhelming 
amount  of  imaged  data  from  being  mis-handled,  lost,  or  wasted.  “Future  massive 
quantities  of  various  types  of  collected  imagery  create  an  urgoiit  need  for  automa¬ 
tion  of  the  image  data  handling  and  storage  process”  (14:456).  Computer-based 
methods  would  also  aid  in  the  “storage  and  retrieval  of  image  data  for  later  analy¬ 
ses”  (14:456)  such  as  forecasting  and  trending  subregion  chcinges.  These  applications 
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have  one  requirement  in  comi  .ion:  the  “extraction  of  shape  information”  (14:456),  in 
formation  which  cannot  be  extracted  without  proper  Image  segmentation  and  region 
and  boundary  determination  (11:49),  (9:15). 

l.B  Problem  Statement 

The  major  purpose  of  this  investigation  is  to  determine  to  what  extent  subre¬ 
gion  allocation  can  be  performed  using  a  network  model  based  on  the  Burke  imple¬ 
mentation  of  the  Multiple  Subregion  Allocation  (MSA)  binary  programming  model 
(by  Benabdallah  and  Wright  (B&W),  1990).  A  secondary  objective  is  to  determine 
to  what  extent  the  MSA  model  itself  can  be  used  for  the  purposes  of  spatial  analysis 
of  satellite  imagery.  The  ultimate  goal  is  the  development  of  a  modol  which  can  seg- 
rnent  actual  satellite  imagery  into  various  geographic  regions  whose  properties  are 
described  by  the  model  user.  Modifications  to  this  general-purpose,  multiobjective, 
programming  model  (1:34)  (including  constraint  and  objective  modifications)  will 
be  developed  and  explained  in  Chapter  III.  The  MSA,  modified  MSA,  and  network 
models  will  be  used  to  segment  into  subregions  cells  of  matrices  containing  cost  data. 
Currently,  the  “MSA  [model] . . .  cannot  handle  large  size  problems”  (1:34). 

l.S  Background 

l.S.l  Image  Segmentation  The  segmentation  of  an  image  into  homogeneous 
regions  is  one  of  the  two  fundamental  processes  in  image  analysis,  the  other  being 
edge  extraction  (9:15).  Segmentation  of  imagery  into  shapes  and  regions  can  be 
performed  by  using  appropriate  techniques  based  on  spectral  and  spatial  analysis. 
Spectral  analysis  is  typically  used  to  determine  what  is  contained  in  an  area  of  an 
image  by  basing  the  classification  on  the  features’  “ir.borent  spectral  reflectance  and 
emittance  properties”  (6:28).  Spatial  analysis,  on  the  other  hand.  i.  me  often  used 
to  determine  the  physical  attributes  of  some  area  of  interest.  Together,  these  two 
types  of  analyses  can  determine  such  characteristics  as  tone  (.*;''.  ide  variations),  color, 
pattern,  association,  shape,  shadow,  size,  „nd  resolution  (11:47).  The  successful 
determination  of  many  of  these  characteristics  depends  on  proper  spatial  analysis 
which,  as  has  previously  been  referred  to,  depends  on  the  detection  of  features  such 
as  area  boundaries  and  edges  (11:49). 

Feature  extraction,  in  general,  depends  on  the  ability  to  detect  edges,  or  linea¬ 
ments.  “A  lineament  is  a  mappable,  simple  or  composite  linear  feature  of  a  surface 
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tu?'L  is  aligned  in  a  rectilinear  or  slightly  curvilijtear  relations!  Ip  [and]  that  repre¬ 
sent?  faults,  fractures,  joints,  contacts,  topographic  linear  ridges,  valleys  and  tonal 
contraats”  (10:85).  In  general,  lineaments  are  due  to  either  “physiographic  features 
...  or  tonal  changes”  (10:85).  To  somewhat  mirror  th*  r  ■••nual  method  of  linea¬ 
ment  detection,  “based  on  color,  tone,  texture,  size,  r"-.'  and  the  nature  of  the 
surroundings,”  an  automatic  lineament  detection  r;.  '  '>d  s',  t.i '  “take  into  consider¬ 
ation  the  noise,  threshold,  size  and  orientation  of  the  liiic  :'.ients  of  interest”  (10:86). 
Geometric  relationships,  spatial  attributes,  and  brightnc.. .  can  all  be  used  to  extract 
the  desired  line  segments  and  sequentially  remove  thos<  .!  le  segiuerts  not  pertain¬ 
ing  to  the  features  of  interest  (19:2251).  In  -s  way,  eo.r’.u-  and  coiners  and  curved 
surfaces,  and  thus  any  feature  which  can  be  described  by  these  lineaments,  can  be 
determined  (19:2250). 

1.S.2  Clustering.  Clustering  can  be  applied  to  geogiaphic  coding  systems  as 
a  means  to  automatically  perform  the  desired  spatial  analysis  and  distiicting  (seg¬ 
mentation)  of  regions  of  interest  (6:31).  “The  main  purpose  of  most  districting 
models  is  the  design  of  a  predetermined  number  of  territories  or  districts  v/ith  -'.on- 
tiguous  and  compact  shapes”  (6:31).  While  methods  do  exist  which  will  accomplish 
the  districting  for  small  problems,  “for  problems  that  involve  clustering  ol  all  cells 
in  a  field  . . . ,  enumeration  methods  are  iufcasible”  (6:35). 

1.3. 2.1  Spatial  Clustering.  The  automatic  clustering  algorithm  used  by 
Benie  and  others  “uses  Euclidean  distance  as  a  mecisureof  similaiity  [and]  is  based  on 
the  concept  of  spatial  clustering”  (2:5).  There  are  six  steps  to  this  algorithm:  (1)  ex¬ 
tract  texture  and  edge  features,  (2)  calculate  local  means  and  standard  deviations 
for  tb.:se  featured  images,  (3)  “determine  the  threshold  and  calculate  the  merging 
distance  ‘d’”  (2:5),  (4)  merge  regions  whose  separation  is  less  than  the  merging 
distance,  (5)  implement  another  algorithm  to  determine  each  region’s  nucleus,  and 
(6)  “classify  each  pixel  into  the  set  with  the  nearest  nucleus”  (2:5). 

In  this  instance,  the  researchers  found  that  they  were  limited  in  the  number  of 
classes  that  might  be  detected  due  to  limitatiuns  in  the  “number  and  size  of  the  input 
bands”  (2:11),  a  spectral  limitation.  Further,  because  the  segmentation  was  based 
more  on  a  pixel- by- pixel  pattern  emphasis  than  on  spatial  relationship,  accuracy 
was  less  than  desired.  A  good  feature  was  that  processing  time  was  relatively  short 
overall.  (2:7,9-10). 
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L3.2.2  Very  Large  Data  Set  Clustering  for  Astronomical  Image  Analy¬ 
sis.  Bruynjoghe’j  research  in  one  astronomieal  study  explains  the  basic  ideas  behind 
the  large  data  set  clustering  method  he  used.  He  states  tha,t  “this  new  clustering 
stri  tegy  is  based  on  the  complementary  utilization  of  an  accelerated  partitiu  ling 
algoiithm  generating  a  large  number  of  small  clusters  and  then  of  an  accelerated  hi¬ 
erarchical  clustering  algorithm”  (3:101).  The  Phase  1  partitioning  algorithm  “incor¬ 
porates  a  fast  nearest-neighbor  algorithm”  (3:103).  Phase  2,  hieraichical  clustering, 
builds  “a  binary  tr  .  on  the  set  of  elemeniary  clusters  previously  obtained”  (3:103) 
and  employs  “an  ef.lcient  branch-and-bou.a.  algorithm  for  the  generation  of  a  ..et  of 
’.aighborhoods”  (3:104).  The  method,  capable  of  clustering  over  10,000  pix.  ’  into 
hundreds  of  clusters  in  approximately  14  mir  ites  (3:104),  is  25  times  faster  th-.  n  pre- 
\  ious  methods  mostly  due  to  “eliminating  the  necesoity  of  calculating  many  pairwise 
distances”  (3:104). 

1.S.2.S  Multiple  Subregion  Allocation.  As  has  been  stated,  the  MSA 
models  which  will  be  used  as  a  basis  for  this  research  are  those  which  were  devel¬ 
oped  by  Bcnabdallah  and  Wriglit  (1990)  and  further  tailored  and  implemented  by 
Burke.  These  individuals  conducted  research  to  increase  the  ability  of  a  “multi¬ 
objective  integer  programming  model”  (6:31),  a  districting  model  which  had  been 
employed  to  segment  a  region  based  ou  popui.aion  units  (1:4).  The  first  phase  of 
basic  model  “generates  all  feasible  districts  (based  on]  contiguity,  compactness,  and 
limited  population  deviation.  The  second  phase  finds  ihc  set  of  feasible  districts  that 
minimizes  the  maximum  deviation  from  the  mean  distiict  population  and  covers  each 
population  unit  exactly  once”  (1:4).  The  initial  model  is  restricted  both  in  the  shape 
the  regions  can  .assume  (rectangular)  and  in  the  size  of  the  initial  problem  (1:33  34). 

The  same  onstraints  can  be  found  in  the  updated  nonlinear  model  and  are 
defined  as  follows:  “contiguity  requires  that  each  district  be  a  connected  subregion 
of  land  . . . ;  compactness  requires  that  the  slugk  subregion  be  consolidated  rather 
than  spread  out”  (1:17).  Finally,  “the  main  objective  is  to  place  these  blocKs  into  [a 
pre-determined  number  of]  contiguous  districts  such  that  each  distiict’s  population 
is  within  the  district’s  population  limits”  (1:17). 

Specifics  on  the  B&W  MSA  model  are  contained  in  Cliapter  III.  In  the  general 
MSA  problem  formulation: 

The  overall  objective  is  a  combination  of  the  following  objectives:  minimize  the 
cost  -of  cell  acquisition  into  a  region,  maximize  the  area  of  each  region,  and  minimize 
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the  perimeter  of  each  region.  (Recall  that  in  this  MSA  model,  the  desired  number 
and  size  of  regions  is  already  known.)  (1:10) 

This  overall  objective  is  subject  to  the  following  constraints: 

•  The  model  must  keep  track  of  which  cells  are  assigned  to  which  regions, 

•  Cells  may  belong  to  at  most  one  region,  and 

•  The  variables  used  to  meet  the  above  constraini.-  are  binary  variables  (1:5-11). 

As  was  stated  in  the  previous  section,  the  purpose  of  this  research  is  to  develop 
a  general  model  capable  of  segmenting  large  numbers  of  satellite  imagery  pixels  into 
multiple  regions.  Because  the  research  objective  is  to  devcLp  a  general  segmentation 
model  with  applications  towards  geographic  coding  systems  and  not  specifically  a 
population  districting  model,  the  research  n.odel  will  contain  different  objectives 
and  constraints  than  the  MSA  model  and  will  foe  ■>  on  the  binary  formulations  of 
the  MSA  model.  The  mathematical  descriptioas  and  development  of  the  variables, 
objectives,  and  constraints  of  the  research  model  will  be  discussed  in  Chapter  III. 

l.J,  Sub-Objectives 

The  investigation  will  cover  the  following  areas: 

•  Develop  algorithms  and  computer  programs  to  enact  the  B&VV  and  modified 
MSA  algorithms. 

»  Validate  the  MSA  algorithms  on  the  experimental  data. 

»  Perform  the  segmenting  and  validating  on  progressively  complex  experimental 
data. 

•  r.Iake  final  assessment  as  to  whether,  and  in  what  specific  applications,  the 
modified  MSA  model  shows  improved  segmentation  ability  over  the  B&W  MSA 
model. 

•  Develop  and  implement  network  formulations  of  the  basic  subregion  allocation 
model. 

•  Develp  computer  programs  to  enact  the  network  models. 

•  Validcale  the  network  models  on  the  experimental  data. 

•  Apply  subregion  allocation  concepts  to  actual  satellite  imagery. 


II.  Literature  Review 


2.1  Introduction 

The  many  techniques  available  for  performing  image  segmentation,  can  be 
grouped  into  three  major  categories  by  virtue  of  what  the  segmentation  is  based 
on:  discontinuities  (edge  detection),  similarities  (region-based  segmentation),  and 
hybrid  methods  (combinations  of  the  two)  (15:483),  (2:2),  (9:15).  The  following 
sections  present  a  discussion  of  the  underlying  concepts  of  major  segmentation  and 
feature  extraction  methods  currently  being  used. 

2.2  Visual 

Klasse  used  Landsat  multispectral  scanner  system  images  to  classify  and  mea¬ 
sure  oasis  agricultural  land  in  the  Turpan  Depression,  China  (11:8).  Spectral  analysis 
was  used  to  determine  the  tones,  colors,  and,  to  a  partial  extent,  the  patterns  and 
shades  of  the  areas  of  interest.  Spatial  analysis  was  used  mostly  to  determine  area 
size  (11:47-48). 

The  methods  employed  in  Klasse’s  study  to  determine  area  and  size  involved 
first  using  a  Bausch  and  Lomb  Zoom  Transfer  Scope  to  enlarge  the  1:1,000,000 
scale  photos  to  1:250,000.  Next,  the  researchers  overlaid  a  scaled  grid  onto  the 
photographic  proof.  “A  visual  estimate  was  made  of  the  proportional  amount  of  oasis 
agriculture  in  each  cell  of  the  grid”  (11:15).  At  the  scale  used,  the  researchers  were 
able  to  discriminate  between  areas  approximately  10  acres  in  size  (11:50,67).  Edge 
detection  was  performed  by  visually  observing  lone  contrast  between  areas  (11:15,48 
49). 

2. 3  Mathematical.  Morphology 

“Mathematical  morphology,  ‘algebra  of  shape’,  is  used  in  many  image  pro¬ 
cessing  applications  [and  is]  a  tool  for  object  recognition  . . .  and  feature  extrac¬ 
tion”  (13:208).  In  general,  mathematical  morphology  deals  with  the  performance  of 
the  following  operations:  dilation  (vector  addition),  erosion  (vector  subtraction),  and 
combinations  of  the  two  (opening  and  closing)  (13:211),  (20:950).  These  operations 
are  performed  on  two  sets,  those  of  the  pixels  of  an  image  and  those  of  “a  structuring 
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element”  (20:950),  (13:211).  These  sets  “are  in  Euclidean  two-dimensional  space  for 
a  binary  image  and  in  three-dimensional  space  for  a  grey-scale  image”  (20:950). 

Lee  and  others,  in  their  morphology  study,  combined  the  use  of  morphology 
and  pyramid  structuring  of  data  to  segment  images  for  analysis.  “A  pyramid  is  a  set 
consisting  of  an  image,  a  registered  sequence  of  its  successive  samplings,  . . .  and  the 
spatial  relation  between  the  different  samplings”  (13:209).  Used  as  a  method  of  im¬ 
plementing  a  multi-resolution  (tree)  representation  of  an  image,  the  overall  result  is 
not  only  the  ability  to  “represent  large  regions  of  an  image  [by  single  nodes]”  (13:208), 
but  also  the  capability  to  apply  the  two  methods  together  “to  image  segmentation, 
object  detection,  [and]  region  (feature)  description”  (13:208).  The  image  is  suc¬ 
cessively  simplified  through  different  steps  of  the  algorithm  by  taking  advantage  of 
“the  morphological  sampling  theorem”  (13:208-209),  a  theorem  “analogous  to  the 
standard  sampling  theorem  in  signal  processing  [which  states]  that  a  signal  can  be 
completely  reconstructed  ...  if  the  sampling  rate  ...  is  two  times  the  highest  fre¬ 
quency  component  of  the  signal”  (13:211).  The  image  is  finally  reduced  to  a  pyramid 
representation  of  its  pixels  as  “candidate  fathers  [and]  candidate-sons”  (13:209)  of 
one  another. 

The  experiments  at  image  segmentation  yielded  positive  results  overall  in  the 
areas  of  segmentation  error,  rate  of  solution  convergence,  and  computational  com¬ 
plexity  (13:216).  Their  techniques  were  applied  to  real  and  artificial  images  (“gener¬ 
ated  by  controlling  three  parameters:  image  smoothness,  image  contrast,  . . .  and  the 
amount  of  noise”  (13:215)).  In  general,  as  long  as  the  signal-to-noise  ratio  was  not 
too  low  (on  the  order  of  6-8  dB),  their  techniques  quickly  and  correctly  segmented 
the  images  (13:218-219). 

2.Jf  Split  and  Merge 

“Split  and  merge  is  a  region-based  segmentation  technique  used  mainly  for 
object  detection  and  image  partitioning”  (5:251).  The  general  technique  involves 
splitting  the  image  into  quadrants,  each  of  which  i.s  split  again  and  again  until  homo¬ 
geneous  regions  are  separated;  the  individual  regions  arc  then  merged  back  into  the 
original  image  taking  into  account  various  spectral  and  spatial  factors  (5:251,253). 
The  split  and  merge  method  employs  both  types  ol  region  based  segmentation  tech 
niques:  disjunctive  (the  splitting)  and  conjunctive  (the  spatial  merging)  (2:2).  “[It] 
is  basically  a  top-down  approach  with  each  level  of  split  indicating  the  distinctive 
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features  and  the  smoothness  of  the  object  boundaries”  (5:253).  “[It]  is  the  most  com¬ 
putationally  efficient  algorithm  for  region  segmentation  in  terms  of  the  number  of 
searches  in  the  spatial  image  grid  due  to  the  quadtree  representation  of  the  resultant 
regions”  (5:252).  The  main  drawback  to  the  method  is  the  “extensive  computation 
time  and  large  memory  space”  (5:252)  required. 

The  researchers  attempted  to  perform  experiments  in  which  parallel  processors 
assuriied  much  of  the  computational  duties  within  the  smaller  partitions  of  the  image, 
the  desire  being  to  reduce  the  overall  computation  time  required  to  segment  images 
and  thus  detect  objects  within  the  images.  Although  their  initial  efforts  to  distribute 
the  computational  workload  among  several  processors  proved  successful  (parallel 
processing  dramatically  reduced  the  time  required  to  segment  an  image),  their  most 
prorriising  approach  has  yet  to  be  implemented  (5:259). 

S.5  Hierarchical  Stepwise  (Beaulieu)  Optimization  Segmentation  Algorithm 

Using  the  Beaulieu  algorithm,  segmentation  is  accomplished  by  the  use  of  the 
moments  of  the  segments,  the  determination  of  segment  boundaries  and  neighbors, 
and  the  stepwise  optimization  (2.4).  There  are  four  steps  to  this  approach:  (1)  start 
with  an  initial  segmentation  of  the  image,  (2)  calculate  the  moments,  boundaries,  and 
neighbors  of  each  segment,  (3)  calculate  the  cost  of  merging  neighbors  (cost  criteria 
is  dependent  on  the  situation),  and  (4)  perform  the  actual  hierarchical  stepwise 
merging  (2:4).  The  merging  step  is  an  iterative  step  in  which  segment  neighbors 
with  minimum  merging  costs  are  merged  until  the  desired  number  of  segments  is 
attained  (2:4). 

Believing  that  the  requirement  to  know  the  number  of  segments  contained 
in  an  image  beforehand  detracts  from  the  algorithm’s  usefulness,  the  researchers 
modified  this  algorithm  so  that  the  number  of  segments  needed  to  properly  partition 
the  image  would  be  determined  automatically.  This  modification  was  implemented 
using  “the  Student-t  test  on  the  difference  of  the  means  and  a  correction  factor"  (2:1). 
This  modified  Beaulieu  algorithm  has  many  positive  points:  no  preparatory  time 
before  execution  is  required;  it  produces  relatively  good  results  in  the  classification 
of  agricultural  field  data  (though  sometimes  over-segmenting);  its  accuracy  is  fairly 
consistent  (2:10). 
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2.6  Geometric  Primitives 

A  primitive  is  simply  a  basic  geometric  ‘'convex  planar  shape  . . .  such  as  a 
circle,  triangle,  square,  hexagon  [or]  polygon”  (16:364).  A  segmentation  or  object 
detection  method  using  primitives  will  “find  the  contour  of  the  object  [of  inter¬ 
est],  derive  its  curvature,  locate  the  concavities  . . . ,  determine  the  type  of  primi¬ 
tive  located  in  that  region,  and  repeat  the  process  until  all  concavities  have  been 
scanned”  (16:365).  By  the  time  the  image  has  been  completely  analyzed,  the  al¬ 
gorithm  should  have  detected  all  regions  or  objects  resembling  the  shape  of  the 
primitives  under  consideration  (16:365). 

2.6.1  Multi-Shape  Detection.  Differently  shaped  objects  have  been  detected 
and  identified  by  comparing  peaks  of  the  curvature  functions  to  known  peaks  rep 
resenting  the  different  shapes  (16:369-370).  “The  most  critical  operations  in  the 
process  . . .  are  the  edge  detection  and  the  curvature  computation  of  the  contour 
of  the  object”  (16:366).  The  researchers  used  a  “Linear-Median  Hybrid  filter  ... 
which  combines  nonrecursivc  linear  filters  and  a  median  filter  for  the  purpose  of 
edge  detection;  . . .  the  response  from  [the]  edges  [was]  similar  to  tlijit  of  standard 
edge  detectors”  (16:367).  A  curvature  function  wjw  used  to  determine  the  curvature 
of  the  contours  because,  being  a  function  of  arc  length,  “the  curvature  uniquely  de¬ 
scribes  [a  continuously  differentiable  boundary  curve]"  (16:368).  Further,  smoothing 
was  used  to  aid  in  focusing  on  determining  “points  of  high  curvature”  (16:368)  since 
these  points  contain  most  of  the  visual  information  about  the  curvature  (16:368). 

The  researchers  in  the  multi-shape  detection  e:<pcriments  had  high  success 
in  determining  the  location  of  and  identifying  several  objects.  .Advantages  of  this 
method  include  its  high  processing  speed  and  “its  rotation  and  translation  invari 
ance”  (16:375).  Further,  this  method  “can  be  applied  to  any  set  of  regularly  shaped 
objects  by  selecting  the  geometric  primitives  that  best  describe  the  objects  of  the 
set”  (16:375). 

2.6.2  Line  Segment  Extraction  and  Rc-Combination.  A  study  sponsored  by 
Hughes  Aircraft  Co.  incorporating  the  use  of  geometric  primitive  involves  the  use 
only  of  the  line  segment  primitive  to  find  specific  targets:  airplanas.  Through  three 
different  processing  levels,  the  system  “extracts  line  segments  from  raw  im.'igc  d<ala. 
. . .  combines  the  line  segments  into  geometric  feature  primitives,  and  . . .  checks  for 
positional  coincidences  of  features  to  perform  the  airplane  detections”  (M:  !56). 
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The  first  level  uses  a  new  (Hughes  algorithm)  technique  to  “extract  line  seg¬ 
ments  from  along  the  boundaries  of  major  intensity  changes”  (14:458).  The  second 
level  performs  the  grouping  of  the  segments  based  on  angle  and  position  and  “[rep¬ 
resents  the  segments]  symbolically  by  records  containing  endpoint  coordinates,  line 
segment  angle,  and  line  segment  length”  (1*1:458).  The  end  results  of  this  second 
stage  is  the  generation  of  quadrilaterals  (14:458).  The  third  level  compares  the 
quadrilaterals  generated  by  the  second  level  to  determine  if  they  comprise  the  fa¬ 
miliar  shapes  of  airplanes  (14:459).  In  order  to  have  a  positive  identification  of  an 
airplane,  the  shapes  representing  the  candidate  airplane  must  meet  three  tests:  rea¬ 
sonable  feature  positional  coincidence,  “plausible  geometry”  (14:460)  of  the  feature 
groups,  and  presence  of  other  minor  features  characteristic  of  airplanes  (14:460). 

The  advantages  to  this  system  are  similar  to  those  of  the  previous  method: 
no  prior  scene  knowledge  is  required,  object  orientation  is  of  little  consequence, 
processing  speed  is  high,  and  “low  contrast  conditions  and  limited  occlusion  can  be 
tolerated”  (14:456).  Specifically,  this  method  has  additional  advantages.  Due  to  the 
three-level  design,  each  level  can  perform  its  function  very  well,  not  having  to  concern 
itself  with  the  overall  purpose  of  the  system  (14:460).  Results  of  the  experiments 
have  been  positive:  the  Hughes  line  detection  algorithm  not  only  detected  all  line 
segments  correctly  under  varying  contrast  intensities  but  also  performed  orders  of 
magnitude  faster  than  two  other  algorithms  used  for  comparison  (14:461-466).  The 
researchers  state  that  more  research  is  warranted  in  areas  such  as  using  primitives 
in  addition  to  the  line  segment  in  Level  1  and  in  detecting  objects  composed  of  more 
complicated  shapes  in  Level  3  (14:466). 

2.6.3  Planimetric  Feature  Extraction.  The  term  planhnetric  feahire  refers  to 
“geographic  features  [such  as]  roads,  shorelines,  and  streams”  (19:2250).  These  can 
be  extracted  from  satellite  imagery  using  shape  primitives  as  discussed  earlier.  An 
often-performed  planimetric  feature  extraction  is  that  of  road  detection  (12:2246). 

Although  road  detection  from  satellite  imagery  is  generally  considered  a  spec¬ 
tral  analysis  problem,  the  problem  can  be  approached  as  a  linear  feature  detection 
problem  whenever  road  width  is  less  than  the  spatial  resolution  of  the  particular 
satellite  sensor  (12:2246).  Because  of  this  fact,  road  detection  algorithms  are  analo¬ 
gous  to  lineament  detection  algorithms. 

The  researchers  in  the  road  detection  study  first  experimented  with  different 
enhancement  methods  because  contrast  similarities  between  roads  and  backgrounds 


10 


prevent  linear  detection  without  enhancement  (12:2246).  They  determined  that 
using  a  false  color  composite  of  the  bands  with  the  highest  clarity  provided  the  best 
means  of  enhancement  (12:2246). 

The  next  step  was  to  employ  templates  which  respond  to  linear  features.  First 
and  second-order  neighbors  of  pixels  were  used  to  detect  and  extract  road  pixels  from 
the  imagery.  Threshold  values  for  use  in  determining  if  a  pixel  was  a  road  pixel  or  not 
were  established  by  using  “the  modes  of  the  image  grey  value  histogram”  (12:2247). 
Once  detected,  the  road  pixels  were  linked.  The  researchers  say  that  any  of  a  number 
of  linking  procedures  in  use  today  are  suitable  (12:2247). 

The  results  of  this  study  indicate  that  most  of  the  work  involved  in  road  de¬ 
tection  lies  in  the  pre-processing  techniques  of  the  imagery  to  enhance  road  features, 
techniques  which  cannot  be  determined  with  certainty  beforehand.  The  advantages 
of  this  method  are  “its  ability  to  detect  roads  irrespective  of  . . .  background  (dark 
or  light),  [its]  eaise  of  implementation,  and  [its  ability  to  be  used  as  a]  guideline  for 
threshold  setting”  (12:2247). 

2.6.4  Segment  Extraction  From  Statistical  Texture  Analysis.  This  line 
segment  extraction  study  conducted  by  Sudibjo  and  others  focused  on  the  use  of 
synthetic  aperture  radar  images  for  linear  feature  extraction  (17:2242).  Due  to  the 
fact  that  the  brightness  of  features  from  this  imagery  highly  depends  on  the  angle  at 
which  the  image  was  taken,  the  researchers  hoped  to  implement  an  “auto-correlation 
function  ...  to  measure  the  spatial  variability  (texture)  in  an  image  [and]  optimize 
this  texture  analysis  process  to  segment  for  linear  feature  detection”  (17:22 '2). 

The  first  steps  involved  removing  as  much  noise  as  possible  (speckle  reduction) 
from  the  images  through  the  employment  of  spatial  filters.  Five  different  filters  were 
compared:  “mean,  median,  mode,  nearest  values  and  minii  j'.n  variance”  (17:2243). 
Once  filtered,  the  pixels  were  grouped  based  on  their  geometry  as  well  as  on  their 
“spatial  grey  tone  co-occurrence  probabilities,  grey  tone  run  lengths,  and  textural 
edgeness”  (17:2242).  Four  measures  to  extract  textural  information  were  used:  con¬ 
trast,  uniformity,  correlation,  and  entropy,  each  measure  having  its  own  unique  math¬ 
ematical  formulation.  The  end  result  of  the  experimentation  using  all  the  various 
combinations  of  filters  was  that  the  median  filter  was  best  insofar  as  edge  detection 
and  extraction  are  concerned  (17:2244). 


2.6.5  Edge  Following  as  Graph  Searching  and  Hough  Transforms.  Edge  Fol¬ 
lowing  as  Graph  Searching  (EFGS)  “can  be  used  to  extract  edge  magnitude  and  di¬ 
rections  to  produce  an  edge  image;  . . .  the  Hough  Transform  identifies  straight  lines 
which  represent  edges”  (18:93).  The  procedure  steps  are  as  follows:  (1)  smoothing 
and  noise  removal  using  a  3x3  pixel-sized  median  filter,  (2)  implementation  of  EFGS, 
(3)  use  of  the  Hough  transform,  and  (4)  production  of  the  lineament  map  (18:94). 

2.7  Image  Processing 

Many  methods  of  filtering,  combining,  smoothing,  and  enhancing  images  prior 
to  perfoming  any  analyses  on  them  exist.  This  section  will  cover  information  on  the 
SPOT  satellite  and  pre-processing  of  the  SPOT  imagery  used  in  the  final  experi¬ 
mental  runs  of  Chapter  V.  All  information  on  the  satellite  and  the  image  processing 
was  provided  courtesy  of  Kelso  (8). 

The  SPOT  satellite  is  an  earth-observing,  French  satellite  that  was  launched 
in  1986  into  an  orbit  with  an  altitude  of  approximately  517  miles.  The  SPOT  image 
data  used  in  Chapter  V  is  the  result  of  merging  and  processing  the  satellite’s  20-meter 
resolution  multispectral  data  and  its  10-meter  panchromatic  data  of  four  scenes  of 
the  Washington,  D.C.  area  acquired  between  the  dates  of  March  19  and  March  24, 
1987.  The  preparation  of  the  data  was  performed  by  the  EROS  Data  Center,  Sioux 
Falls,  South  Dakota.  To  quote  Kelso  (8) 


To  accomplish  the  merge,  an  image-to-image  registration  was  first 
performed  between  each  scene  set.  Approximately  60  control  points 
were  selected  for  each  set  using  an  autocorrelation  technique.  The  mul¬ 
tispectral  data  were  geometrically  rectified  and  spatially  resampled  to 
10-meter  pixel  ground  resolution  during  this  procedure  to  match  the 
panchromatic  data  using  a  second-order  polynomial  and  cubic  convolu¬ 
tion  resampler.  Once  the  panchromatic  and  multispectral  data  sets  were 
geometrically  identical,  the  merge  was  performed  using  a  hue-intensity- 
saturation  (HIS)  method.  The  data  merge  Wcis  effected  by  transforming 
a  contrast-enhanced  spectral  image  into  HIS  color  space. 

The  panchromatic  data  were  stretched  to  match  the  distribution  his¬ 
togram  of  the  spectral  intensity  channel,  then  substituted  for  the  inten¬ 
sity  channel  to  create  a  hybrid  HIS  data  set.  The  hybrid  HIS  data  was 
then  transformed  back  into  the  red,  green,  and  blue  components.  The 
four  merged  scenes  were  mosaicked  together;  each  scene  was  registered 
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to  1:24,000  scale  maps  by  selecting  approximately  10  control  points  per 
image.  These  control  points  were  combined  with  tie  points  selected  by 
Large  Area  Mosaicking  Software  (LAMS)  along  adjacent  scene  bound¬ 
aries  and  a  transformation  grid  was  created.  The  grid  was  used  to  ge¬ 
ometrically  correct  each  image  in  relation  to  the  Universal  Transverse 
Mercator  (UTM)  projection  and  to  each  other.  Once  each  scene  was  in 
proper  geometric  configuration,  the  radiometric  matching  between  scenes 
was  accomplished  using  LAMS.  Final  processing  of  the  data  included  a 
3x3  edge  enhancement  and  multipoint  linear  stretch  to  increase  con¬ 
trast.  The  digital  data  were  then  output  on  a  recorder  in  the  form  of  a 
color  transparency  [which  was  subsequently]  scanned  on  a  graphic  arts 
scanner  [to  generate]  digital  color  separates. 

Information  on  the  data  scenes  can  be  obtained  from  Robert  Lees,  SPOT  Image 
Corporation,  Reston,  VA  (703-620-2200).  Information  on  the  color  separates  can  be 
obtained  from  the  Geological  Survey  offices  in  Reston,  VA,  and  Denver,  CO,  and 
from  various  commercial  vendors  that  sell  USGS  maps  and  publications.  Finally, 
information  on  the  imagery  processing  techniques  referred  to  above  can  be  obtained 
from  the  U.S.  Geological  Survey,  EROS  Data  Center,  Sioux  Falls,  South  Dakota, 
57198.  The  SPOT  data  presented  here  are  copyrighted  and  were  obtained  under 
license  from  the  SPOT  Image  Corporation,  Reston,  VA. 

2.8  Summary 

The  segmentation  and  feature  extraction  methods  discussed  above,  as  well  as 
the  clustering  methods  discussed  in  Chapter  I,  illustrate  the  wide  range  of  tech¬ 
niques  available  to  researchers.  Many  of  the  current  studies  in  these  areas  focus  on 
combining  different  image  analysis  techniques  so  as  to  improve  the  overall  efficiency, 
effectiveness,  and  speed  of  the  process  of  image  analysis  in  general.  Specifically,  the 
literature  review  has  revealed  the  combination  of  techniques  in  three  areas:  (1)  im¬ 
plementing  or  developing  appropriate  image  pre-processing  techniques  (filtering  and 
smoothing)  prior  to  performing  any  actual  segmentations  or  feature  extractions, 

(2)  using  parallel  processing,  tree  structures,  and  hierarchical  techniques  to  improve 
a  method’s  perform.ance  by  reducing  and  sharing  the  overall  computation  load,  and 

(3)  combining  different  segmentation  or  feature  extraction  techniques  together  to 
develop  algorithms  that  are  more  robust  than  those  that  would  be  available  through 
the  use  of  the  “baseline”  or  single  techniques  alone.  Chapter  III  of  this  thesis  will 
discuss  in  detail  the  clustering  approach  used  as  the  basis  of  this  research. 
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III.  Binary  Programming  Formulations  of  the  Subregion  Allocation 

Problem 


The  MSA  model,  including  objective  function  and  constraints,  was  briefly  de¬ 
scribed  in  Chapter  I.  The  following  discussion  will  explain  the  mathematical  devel¬ 
opment  of  the  objectives  and  constraints  as  well  as  discuss  such  issues  as  model 
applicability  and  complexity.  Solutions  for  the  example  runs  were  derived  from  the 
Zero/One  Optimization  Method  (ZOOM)  solver,  a  mixed-integer  solver,  via  the  use 
of  the  General  Algebraic  Modeling  System  (GAMS)  within  a  VAX/ VMS  operating 
environment  (4).  Specifics  on  how  to  run  a  GAMS  program  can  be  found  in  Ap¬ 
pendix  A.  Partial  input  and  output  files  for  the  GAMS  runs  are  on  disk,  with  a 
select  number  of  them  as  noted  located  in  Appendix  B.  The  B&W  models  were  im¬ 
plemented  using  procedures  developed  by  Burke  (see  Appendix  E)  who  determined 
the  additional  constraints  and  input  data  sets  required  to  properly  implement  the 
models. 

3. 1  Districting 

To  use  the  MSA  model  for  districting,  one  would  input  into  the  model  a 
database  of  cells  from  a  region  representing  the  populations  of  different  subregions  of 
various  shapes  (1:1).  As  was  stated  in  Chapter  I,  the  model  will  group  together  those 
cells  which  optimize  the  objective  within  the  constraints  of  contiguity,  compactness, 
and  population  deviation  (1:2,4).  In  later  revisions  of  the  MSA  model,  the  overall 
objective  is  a  combination  of  the  following  objectives  (1:10): 


•  Minimize  the  cost  of  cell  acquisition  into  a  subregion, 

•  Maximize  the  area  of  each  subregion,  and 

•  Minimize  the  perimeter  of  each  subregion. 

8.2  Single  Subregion  Allocation  (SSA) 

Let  each  of  the  n  number  of  cells  of  a  data  matrix  be  repre.sented  by  the  binary 
variable  .r,  where  .r,  =  1  if  cell  i  is  allocated  to  the  subregion  and  0  if  not.  The  cost  of 
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each  cell,  c„  could  represent  many  things:  the  population  of  each  cell  in  a  districting 
model,  the  grey  value  of  each  pixel  in  an  image,  or  a  distance  measurement  relative 
to  other  cells  in  any  environment.  For  the  purposes  of  this  chapter,  they  will  simply 
represent  a  generic  cost  value.  The  area  of  each  cell  can  be  represented  by  a,.  Finally, 
the  perimeter  of  a  subregion  is  determined  by  keeping  track  of  each  cell  border  in 
the  following  manner:  define  to  be  the  border  length  between  cells  i  and  j,  and 
define  two  new  mutually-exclusive  binary  variables,  and  iV,j,  which  are  used  to 
determine  1)  if  cell  border  s,j  is  also  a  subregion  border,  and  2)  whether  cell  i,  cell 
j,  or  both  are  acquired  cells  of  the  subregion.  P,j  will  equal  1  and  A'.j  will  equal  0 
if  cell  i  is  acquired  and  cell  j  is  not;  P.v,  will  equal  0  and  iV,j  will  equal  1  if  cell  i  is 
not  acquired,  but  cell  j  is;  finally,  Pij  =  =  0  if  both  cells  i  and  j  are  acquired  or 

neither  is  acquired  (1:5-6),  (6:31-33).  The  objectives  are  as  follows  (1:5-6),  (6:32-33): 

Minimizing  cell  acquisition  cost: 

n 

Min  Yi  =  CiXi  (1) 

«=:1 


Maximizing  subregion  area: 


Max  Y2-YI  (2) 

«=i 

Minimizing  subregion  perimeter: 

Miny3  =  EE^o(^b  +  Mi)  (3) 

t=i  i6?v 

where  T,  is  the  set  of  all  cells  adjacent  to  (immediately  above,  below,  to  the  right  of, 
and  to  the  left  of)  cell  i. 

To  note  is  the  fact  that  with  the  Burke  implementation  of  the  B&W  models, 
the  set  of  adjacent  cells,  T,,  to  any  cell  i  contains  those  cells  that  are  both  logically 
and  physically  adjacent  to  cell  i.  Figure  1  shows  the  four  adjacent  cells  to  Cell 
1  in  a  5  X  5  matrix;  Cells  2  and  6  are  physically  adjacent,  and  Cells  5  and  21  are 
logically  adjacent.  Distinctions  between  the  logically  adjacent  cells  and  the  physically 
adjacent  cells  are  made  through  the  use  of  special  input  sets  included  with  the  input 
files;  they  will  be  explained  later. 


The  three  objectives,  Equations  1, 2,  and  3,  can  be  combined  into  one  objective 
with  weights  A  cissigned  to  each  one  (allowing  for  the  user  to  give  more  importance 
to  one  objective  over  another).  Letting  a,  =  =  1  (since  each  cell  will  have  the 

same  size  and  border  length  and  thus  will  not  change  any  results)  (8),  adding  a 
constraint  to  set  the  proper  values  for  and  iV^  (based  on  the  values  of  x,  and  Xj), 
and  adding  a  constraint  to  ensure  P,j  and  N,j  cannot  both  equal  1  (4),  the  overall 
formulation  is  as  follows  (6:33-34): 


subject  to: 


Min  2  =  Ac  f;  CiXi  -  A„  X;  +  A.  E  E  +  M’i)  (4) 

1=1  1=1  1=1  ie'jv 

Xi  -Xj-  Pij  +  fV;,-  =  0  V  i,  j  €  Ti  (5) 

Pij+Nij<l  yi,j€Ti  (6) 

G  [0,1]  Vi,iGT;  (7) 

Ac  +  Ao  +  As  =  1  (8) 


A  less  time  consuming  and  more  compact  formulation  may  be  written  by  re¬ 
moving  two  of  the  objectives  from  the  objective  statement,  Equation  I,  and  allowing 
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them  to  be  specified  cis  constraints  (6:34).  If  minimizing  cost  i->  now  the  objec¬ 
tive,  and  maximizing  area  and  minimizing  perimeter  are  now  constraints,  then  the 
user  must  specify  the  required  subregion  area,  M,  and  twice  the  required  perimeter 
length,  L  =  2B.  L  must  be  twice  the  required  subregion  perimeter  length  (subregion 
border  length  B)  because  for  each  cell  i  and  adjacent  cell  j,  their  connecting  border 
is  counted  once  for  the  and  Nij  pair  and  once  again  for  the  Pji  and  Nji  pair  (8). 
This  nev/  single  subregion  allocation  formulation  is  as  follows  (6:34): 


Min  Z  =  f^c;a;;  (9) 

t=i 

subject  to: 

Xi  =  M  (10) 

j=i 

EE(^b--MV,,-)  =  ii  =  25  (11) 

«■=!  isl’i 

a;,-  -  Xj  -  P{j  -1-  Nij  =  0  'ii,j  eTi  (12) 

Pij^Nij<l  (13) 

Xi,  Pij, Nij  €  [0, 1]  V  i,i  €  Ti  (14) 


Based  now  on  the  subregion  area,  only  certain  perimeter  lengths  are  physi¬ 
cally  possible.  The  following  discussion  concerning  the  range  of  perimeter  lengths 
allowable  comes  from  the  paper  by  Benabdallah  and  Wright  (1:7-8). 


Efficient  solutions  can  be  generated  using  this  formulation  recognizing 
that,  for  any  given  value  of  M — the  total  area  desired — the  only  feasi¬ 
ble  values  for  total  external  border  length  L  consist  of  the  even  values 
between  B^lj^  and  where 

+  2i 

with: 

[  0  if  M-{{y/M)f  =  0 
t=\l  if  M  <{{VM)f  +  {{VM))  +  l 
[  2  if  M  >  -b  ((x/M))  -b  1 
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and  (y/M)  =  the  integer  part  of 


and  =  4M  indicating  maximum  compactness. 


The  values  above  for  the  perimeter  lengths  could  all  be  used  to  determine  the 
efficient  frontier  of  solutions  given  an  area  of  M.  In  other  words,  the  models  could 
be  run  several  times  with  the  same  subregion  area  as  input,  but  with  incremental 
changes  in  the  perimeter  lengths  for  each  different  run.  In  this  way,  all  the  possible 
minimum-costing  subregions  could  be  extracted  from  the  input  cost  data  and  com¬ 
pared  as  far  as  compactness  and  cost  are  concerned.  Because  two  of  the  objectives  of 
subregion  allocation  are  actually  constraints  in  the  final  models,  this  type  of  several- 
run  approach  would  ’"e  necessary  to  ensure  that  the  overall  optimum  solutions  for 
any  problem  in  terms  of  area,  cost,  and  compactness  were  obtained. 


3.3  Single  Subregion  Allocation  Example 
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Figure  2.  SSA1:16-Cell  Single  Subregion  Allocation  Example  Input. 

Assume  Figure  2  represents  16  cells  of  a  data  matrix  with  the  costs  as  indicated 
being  the  costs  of  acquiring  the  cells  into  the  subregion.  Letting  M  =  2,  the  model 
will  allocate  into  a  single  subregion  the  two  adjacent  cells  whose  total  cost  is  the 
least  of  any  two  adjacent  cells.  Two  square,  adjacent  cells  have  a  total  border  length 
of  six  (B  =  6);  therefore,  L  =  2B  =  12. 

By  using  the  appropriate  values  for  Equations  9-14,  the  problem  SSAl  is  for¬ 
mulated  as  shown  below.  The  solution  is  shown  in  Figure  3,  and  the  partial  output 
file,  which  includes  the  input  file,  is  located  in  Appendix  B. 
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Figure  3.  SSA1;16-Cell  Single  Subregion  Allocation  Example  Solution. 


subject  to: 
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Min  Z  =  C{X{ 

(15) 

i=l 

16 

^  a;,-  =  2 

(16) 

i=l 

16 

(17) 

«=i  jeTi 

X;-Xj-P!j-hNtj  =  0  ViJeTi 

(18) 

Xi,Pij,JYij€lO,l]  Vi,jeTi 

(19) 

5.//  ynltivk  Subregion  Allocation  (MSA) 

The  single  subregion  allocation  mo^’el  above,  Equations  9  14,  can  be  extended 
to  allow  for  cells  to  be  allocated  to  one  of  any  number  of  K  possible  subregions. 

Let  each  of  the  n  number  of  cells  of  a  data  matrix  be  represented  by  the  binary 
variable  Xik  where  Xik  =  1  if  cell  i  is  allocated  to  the  subregion  k  £  K  and  0  if  n-..t.  The 
cost  of  cell  acquisition,  the  area  of  each  cell,  and  the  length  of  the  border  separating 
cell  i  and  cell  j  remain,  respectively:  c,,a,,  and  s,j.  The  mulually-exclusive  binary 
decision  variables,  P,jk  and  Nijk,  are  used  to  determine  1)  if  cell  border  s,j  is  also  a 
subregion  border,  and  2)  whether  cell  i,  cell  j,  or  both  are  acquired  cells  of  subregion 
k.  P.,k  will  equal  1  and  Ntjk  will  equal  0  if  cell  i  is  acquired  in  subregion  k  and  cell 
j  is  not;  P,jk  will  equal  0  and  N,ji;  will  equal  1  if  cell  i  is  not  acquired  in  subregion 
k,  but  cell  j  is;  finally,  Pijk  =  Ni.k  =  0  if  both  cells  i  and  j  or  neither  are  acquired 
in  subregion  k  (1:9-11).  The  objectives  are  as  follows  (1:9-11): 
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Minimizing  cell  acquisition  cost: 


Min  Ki  =  E  V  G  /C  (20) 

i=l 

Maximizing  subregion  area: 

Max  ^2  =  E ^keK  (21) 

1=1 

Minimizing  subregion  perimeter: 

Min  ^3  =  E  E  ^aiPiJk  +  Ni^,)  '^keK  (22) 

<=1  j&Ti 

wJiere  Ti  is  the  set  of  all  cells  adjacent  to  cell  i. 

The  three  objectives,  Equations  20-22,  can  be  combined  into  one  objective  with 
relative  weights  W  assigned  to  each  one.  Letting  a,  =  s,j  =  1  as  with  the  previous 
model  (8),  adding  a  constraint  to  ensure  cell  i  is  assigned  to  at  most  one  subregion, 
and  adding  the  appropriate  and  N,jk  constraints  (4),  the  overall  formulation  is 
as  follows  (1:10-12): 


where 

Min  Z,oi  =  E 

k=l 

Ji  n  71 

(23) 

=  I'Ec  E  -  I'Ea  E-'^.-^-  +  E  E 

:=1  t=l  j=l  jeTi 

(24) 

subject  to: 

E  ^  i  ^  ^ 

k=l 

(25) 

xik  -  Xjk  -  Pijh  +  Nijk  =  0  i,j  E  Ti,  k  e  K 

(26) 

Pijk  +  Nijk  <1  V  i,i  €  Ti,  k  G  K 

(27) 

Xik,  Pijk,  i^'ijk  €  (0, 1]  V  i,j  G  Ti,  k  G  K 

(28) 

it;  +  W,  +  I'K,  =  1 

(29) 
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As  with  the  SS  A  problem,  a  less  time  consuming  and  more  compact  formulation 
may  be  written  by  removing  two  of  the  objectives  from  each  k  objective  statement, 
Equation  24,  and  allowing  them  to  be  specified  as  constraints  (6:34).  If  minimizing 
cost  is  now  the  objective,  and  maximizing  area  and  minimizing  perimeter  are  now 
constraints,  then  the  user  must  specify  the  required  subregion  area,  Mk,  and  twice  the 
required  perimeter  length  (8),  Z/.-,  for  each  subregion  k  as  with  the  single  subregion 
model.  This  new  multiple  subregion  allocation  formulation  is  as  follows  (1:11-12): 


MmZ  =  f^Wk'ZciXik  (30) 

k=l  i-1 

subject  to: 

f;^xik  =  M,:  ykeK  (.31) 

1=1 

E  E  =  Lk  '^keK  (32) 

i=i  ie'J’i 

K 

E^-«-/;<l  Vi  (33) 

A-1 

Xik  -  Xjk  -  Pijk  +  Nijk  =  0  '^hj  ^  T{,  k  €  K  (34) 

Pijk  +  Nijk<l  eTi,k€K  (35) 

Xik,  Pijk,  Nijk  6  [0, 1]  V  i,  j  e  Ti,  k  e  K  (36) 


Based  now  on  the  subregion  area,  only  certain  perimeter  lengths  for  each  of 
the  subregions  are  physically  possible.  The  following  discussion  concerning  the  range 
of  perimeter  lengths  allowable,  though  not  directly  taken  from  the  Bcnabdallah  and 
Wright  paper,  is  an  expansion  of  their  coverage  of  this  topic  with  respect  to  the 
single  subregion  problem  (1:7  8)  to  the  more  general  multiple  subregion  problem. 

As  was  the  case  with  the  subregions  of  the  single  subregion  problem,  the  above 
formulation  can  be  used  tu  generate  the  efficient  solutions  so  long  as  the  possible 
feasible  perimeter  lengths  for  each  subregion  are  known. 


For  any  given  desired  subregion  of  area  Mh,  the  only  feasible  values  for  total 
external  border  length  Lk  consist  of  the  even  values  between  and  where 

■Sit  =  'l((v/iWr))+2( 


with: 


0  if  Mk-{{yM)Y  =  0 


t  = 


1  if  Mk<{{Vm)Y  +  {{VM))  +  i 

2  if  Mk>{{^/m)y+{{^M))+l 


and  {y/Mk)  =  the  integer  part  of  y/Mk 

and  =  iM  indicating  maximum  compactness. 

Also,  as  with  the  single  subregion  problem,  the  models  could  be  run  several 
times  with  the  same  subregion  areas  as  input,  but  with  incremental  changes  in  the 
perimeter  lengths  for  each  different  run.  In  this  way,  all  the  porsible  minimum¬ 
costing  subregions  could  be  extracted  from  the  input  cost  data  and  compared  as  far 
as  compactness  and  cost  are  concerned.  Recall  that  this  type  of  several-rui«  approach 
would  be  necessary  to  ensure  that  the  overall  optimum  solutions  for  any  problem  in 
terms  of  area,  cost,  and  compactness  were  obtained  since  two  of  the  objectives  of 
subregion  allocation  are  actually  constraints  in  the  final  models 


$.5  Mtiltiple  Subregion  Allocation  Example 

.Assume  Figure  '1  represents  -36  cells  of  a  data  matrix  with  the  costs  as  indicated 
being  the  costs  of  acquiring  the  cells  into  the  subregions.  If  the  problem  were  to 
acquire  two  different  square  subregions  with  area  of  Subregion  1  =  9  and  Subregion 
2  =  4,  then  jV/,  =  9,  =  (2  x  12)  =  24,  =  4,  and  fj2  =  {2xB)  =  16. 

By  using  the  appropriate  values  for  Equations  30  36  and  assuming  equal 
weights  for  the  two  cost  objectives,  the  problem  MSAl  is  formulated  as  shown  below. 
The  solution  is  illustrated  in  Figure  5,  and  the  input  file  is  located  in  Appendix  B. 
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Figure  4.  MSA1:36-Cell  Multiple  Subregion  Allocation  Example  Input. 
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Figures.  MSA1:36-Cell  Multiple  Stibrcgion  Allocation  Example  Solution. 


subject  to: 


36 


Min  Z  =  c,-(a:;i  +  a;, -2) 

t=i 

(37) 

36 

X:.'c.i  =  Mx  =  9 

t=l 

(38) 

36 

•'Ci2 = M2 = 4 

j=i 

(39) 

36 

EE(-^ii  +  %0  =  i^i  =  24 
<=1  j67V 

(40) 

36 

y:y:(Po-2  +  %2)  =  A2  =  i6 

«=1  i63V 

(41) 

2 

E  1  * 

fc=l 

(42) 

^ik  -  Xjk  -  Pijk  +  Nijk  =  0  \f  i,j  eTi,k  £  K 

(43) 

Pijk  +  Nijk  <1  V  i  €  T;,  k  £  K 

(44) 

Xik,  Pijk,  Nijk  6  (0, 1]  V  i, ;  €  T,-,  k  £  K 

(46) 

3.6  A  Final  Single  Subregion  Allocation  Example 
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Figure  6.  SSA2:36-Cell  Single  Subregion  Allocation  Example  Input. 

Assume  Figure  6  represents  36  cells  of  a  data  matrix  with  the  costs  as  indicated 
being  the  costs  of  acquiring  the  cells  into  the  subregion.  If  the  problem  were  to 
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acquire  the  most  compact  single  subregion  with  area  equal  to  16,  then  M  —  16  and 
i  =  (2  X  16)  =  32. 
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Figure  7.  SSA2:36-Cell  Single  Subregion  Allocation  Example  Solution. 

By  using  the  appropriate  values  for  Equations  9-14,  the  problem  SSA2  is  for¬ 
mulated  as  shown  below,  the  solution  of  which  is  illustri-ted  in  Figure  7. 


36 

Min  Z  =  CiXi  (46) 

J=1 

subject  to: 

36 

=  (47) 

t=l 

36 

EE(«i +  "■«)  =  32  (48) 

i=l  i63t 

.T.-  -  Xj  -  Pij  -h  iVii  =  0  V  A  i  €  T;  (49) 

xuPii.Nij  €[0,1]  yi,j€Ti  (50) 


3.7  Applicability  and  Complexity  of  the  B&W  Subregion  Allocation  Models 

The  B&W  model  can  perform  single  and  multiple  subregion  allocation  of  cells 
and  districting  as  well  as  enforce  user-specified  rectangular  subregion  shape  con¬ 
straints  (1),  (4).  The  only  real  limitations  are  those  arising  from  problem  size  since 
the  B&W  model  relies  heavily  on  many  variables  and  constraints  (1),  (4),  (8). 

The  most  straightforward  method  which  can  be  used  to  examine  the  complexity 
of  the  B&W  model  is  to  first  look  at  the  required  data  sets,  the  number  of  variables. 
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and  the  number  of  equations  generated  through  the  Burke  implementation  of  the 
model  (4). 

Three  different  sets,  or  matrices,  are  needed  for  any  problem;  the  initial  cost 
matrix,  an  adjacency  set,  and  a  perimeter  set  (4).  The  cost  matrix  is  self  explanatory; 
it  contains  n  cells.  The  adjacency  set  contains  n  sets  of  the  four  cells  adjacent  to 
every  cost  cell.  For  corner  cells  and  perimeter  cells,  a  “wrap-around”  method  of 
logical  adjacency  determination  is  used  (4);  thus,  in  the  4x4  SSAl  example.  Cell 
1  had  as  its  logically  adjacent  cells.  Cells  2,  4,  5,  and  13.  Finally,  the  perimeter 
set  lists  those  adjacency  cells  of  corner  and  border  cells  which  are  not  physically 
adjacent  to  the  cells  (the  “wrap-around”  logically  adjacent  cells)  (4);  thus,  in  the 
SSAl  example,  the  perimeter  set  for  Cell  1  included  Cells  4  and  13.  There  are 
(2  X  row)  4-  (2  X  column)  —  4  of  these  perimeter  sets  where  row  denotes  the  number 
of  cost  matrix  rows,  and  column  denotes  the  number  of  cost  matrix  columns. 

The  number  of  variables  that  are  required  can  be  determined  through  the  use 
of  a  few  simple  equations.  The  major  variables  in  any  problem  are  X,  P,  and  N.  For 
every  MSA  problem  where  K  denotes  the  number  of  desired  subregions,  there  are 
nK  number  of  X  variables,  one  for  each  cell  for  each  subregion.  Since  the  P  and  N 
variables  represent  shared  borders  between  any  cell  and  its  adjacent  neighbor,  and 
since  there  are  4  X  possible  subregion  neighbors  (physical  as  well  as  logical)  for 
any  cell,  there  are  inK  P  variables,  and  the  same  number  of  N  variables.  The  SSAl 
example  problem,  where  n  =  16  and  K  =  1,  had  16  X  variables,  64  P  variables, 
and  64  N  variables  for  a  total  variable  count  of  145  (including  Z,  the  objective,  as 
a  variable).  Problem  MSAl,  where  n  =  36  and  K  =  2  had  2  x  36  =  72  A”  variables, 
4  X  36  X  2  =  288  P  variables,  and  288  N  variables  for  a  total  variable  count  of  649 
(including  Z,  the  objective,  as  a  variable). 

The  number  of  equations  required  for  the  Burke  implementation  of  the  B&:W 
models  can  be  determined  using  methods  similar  to  those  used  for  the  variable 
count  determination.  Each  problem  has  one  objective  function  which  counts  as 
an  equation.  For  every  subregion  k,  there  is  one  equation  specifying  the  size,  and 
another  specifying  the  subregion  perimeter  length  (number  of  equations  =  2K).  For 
every  P  and  N  variable  combinadon  (every  border  between  a  cell  and  its  neighbors 
for  each  subregion)  there  is  a  constraint  to  ensure  appropriate  values  for  the  P  and  N 
variables  (number  of  equations  =  AnK).  For  every  perimeter  cell  for  every  subregion, 
there  is  a  P  and  N  equation  for  perimeter  border  values  of  the  P  and  N  variables. 
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and  for  every  physical  border  between  cells  for  every  subregion  there  is  a  constraint 
to  ensure  the  mutual  exclusion  of  the  values  of  the  P  or  N  variables  (together, 
the  number  of  equations  for  these  two  constraints  is  AnK).  Finally,  for  every  cell, 
there  is  a  constraint  restricting  its  allocation  to  at  most  one  subregion  (number  of 
equations  =  n).  The  total  number  of  equations  for  problem  MSAl  {n  =  36,  K  =  2), 
for  example,  was  1  for  the  objective,  2  x  2  =  4  for  the  subregion  size  and  shape 
constraints,  2  x  4  x  36  x  2  =  576  for  the  three  blocks  of  P  and  N  constraints,  and 
36  for  the  cell  allocation  constraints.  The  total  number  of  constraints  for  problem 
SSA2  is  617.  Specifically,  the  determination  of  the  number  of  variables  and  equations 
necessary  for  the  B&W  MSA  model  where  n  is  the  number  of  cells,  and  K  is  the 
number  of  subregions,  is  as  follows:  the  number  of  variables  equals  {9nK)  T  1  and 
the  number  of  equations  equals  {2K)  +  (8n/C)  +  n  +  1.  These  two  functions  will 
directly  determine  the  complexity  of  any  B&W  MSA  problem. 


In  general,  the  complexity  of  any  linear  programming  problem  where  m  is 
the  number  of  rows  (equations)  and  n  is  the  number  of  columns  (variables)  is  (7): 


mn  X 


m  +  n 


\ 


Based  on  this,  the  relative  complexity  of  each  of  the  example 


m  j 

problems  is  given  below.  Even  though  these  complexity  values  appear  astronomical 
in  size,  the  problems  themselves  were  actually  solved  within  seconds  of  CPU  time. 


•  SSAl  with  147  equations  and  145  variables: 


(147)(145)  X 


292 

147 


\ 


,  which  yields  7.8588  x  10^°. 


SSA2  with  334  equations  and  331  variables: 


(334)(331)  X 


'  665  ^ 
,  334  , 


,  which  yields  5.1994  x  10 


203 


MSAl  with  617  equations  and  649  variables: 


(617)(649)  X 


/ 


1266 

617 


,  which  yields  7.6142  x  10^*'*. 
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3.8  The  Modified  Subregion  Allocation  Models 

The  following  discussion  will  explain  the  mathematical  development  of  the 
modified  subregion  allocation  objectives  and  constraints  as  well  as  discuss  such  issues 
as  model  applicability  and  complexity.  Solutions  for  the  example  runs  were  derived 
from  the  Zero/One  Optimization  Method  (ZOOM)  solver,  a  mixed-integer  solver, 
via  the  use  of  the  General  Algebraic  Modeling  System  (GAMS)  within  a  VAX/VMS 
operating  environment  (4).  Specifics  on  how  to  run  a  GAMS  program  can  be  found 
in  Appendix  A. 

Several  changes  were  made  to  the  B&W  model  in  the  hopes  of  eliminating  many 
of  the  variables  and  constraints  and  allow  for  a  less  time-consuming,  simpler  model 
which  would  not  only  be  able  to  handle  larger  problems,  but  would  also  be  easier  to 
model  as  a  network  during  the  later  stages  of  this  research.  The  different  philosophies 
behind  the  formulations  of  the  B&W  model  and  the  Modified  model  is  evident  in 
how  they  approach  the  problem  of  contiguity;  the  B&W  model  not  only  allocates 
cells  to  a  subregion  by  restricting  the  external  shape  of  the  subregion  (an  outside-in 
approach),  but  also  works  from  the  inside  out  to  join,  like  the  pieces  of  a  jigsaw 
puzzle,  the  separate  cells  together  over  the  entire  area  of  the  subregion  via  the  use 
of  the  P  and  N  binary  decision  variables;  the  modified  models  work  predominantly 
from  the  outside-in  approach.  The  cell  compactness  and  contiguity  constraints  deal 
only  with  small  numbers  of  cells,  not  over  the  entire  subregion  area.  What  shall 
be  shown  later  is  that  this  predominantly  outside-in  approach  is  more  appropriate 
when  dealing  with  data  already  possessing  a  natural  contiguity  between  cells,  such 
as  is  the  case  with  the  pixels  of  satellite  imagery.  This  chapter  will  deal  first  with 
the  step-by-step  development  of  the  modified  models  and  in  their  applications  in  a 
general  sense.  Chapter  V  will  deal  with  the  applications  of  the  modified  models  to 
satellite  imagery  data. 

3.9  Modified  Single  Subregion  Allocation  (MSSA) 

The  first  major  difference  between  the  B&W  SSA  model  (Equations  9-14)  and 
the  modified,  or  MSSA,  model  is  in  the  representation  of  the  cells  themselves.  Given 
a  data  matrix  of  m  rows  and  n  columns,  the  binary  variable  x,j,  i  € 
j  €  {l,...,n}  will  be  used  to  represent  the  cells.  x,j  will  equal  1  if  cell  ij  belongs 
to  the  subregion,  and  0  if  not. 
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The  MSSA  model  is  quite  different  in  its  constraints  with  the  exception  of  the 
overall  cost  objective  and  the  area  constraint.  The  overall  objective,  Equation  9,  and 
the  area  constraint,  Equation  10,  will  have  a  different  representation  of  the  variables 
but  will  remain  conceptually  the  same.  The  cost  objective  and  area  constraint  are 
as  follows: 


m  n 

Min  ^  (5f ) 

t=i  j=i 

subject  to: 

(52) 

i=l  j=l 

where  c,j  is  the  cost  of  the  cell  represented  by  Xij,  and  M  is  still  used  to 
represent  the  required  area  of  the  desired  subregion. 

Equations  11,  12,  and  13  are  all  required  in  the  B&W  model  for  contiguity  and 
compactness  of  the  subregion  due  to  the  dependence  of  the  model  on  the  and  iV,j 
binary  variables  used  to  keep  track  of  all  the  cell  borders.  To  reduce  the  number  of 
equations  generated  by  these  constraints,  and  the  sets  that  need  to  be  declared  with 
them,  a  different  approach  based  solely  on  cell  neighbors,  not  cell  borders,  shall  be 
used  to  attempt  to  handle  the  compactness  requirements. 

It  is  necessary  at  this  point  to  define  what  is  meant  by  the  terms  “subre¬ 
gion”  and  “neighbor.”  From  this  point  on,  a  “subregion”  means  that  at  least  two 
adjacent  cells  have  been  allocated  (the  allocation  of  cells  to  subregions  which  can 
have  a  maximum  area  of  1  being  a  rather  trivial  problem).  Those  neighbor  cells 
immediately  above,  below,  to  the  left  of,  and  to  the  right  of  a  given  cell  will  now 
be  referred  to  as  “first-order  neighbors.”  Those  neighbors  diagonally  above  and  be¬ 
low,  left  and  right,  will  now  be  referred  to  as  “second-order  neighbors."  Unlike  the 
B&W  SSA  model,  however,  the  neighbors  of  each  cell  do  not  have  to  be  listed 
as  input  sets  into  the  model.  Because  of  fhe  denotation  of  each  cell  by  its  row 
and  column,  the  neighbor  set  for  any  cell,  .r.j,  is  the  set  of  the  surrounding  eight 
cells  1)>  1)}  ^t^d  can 

be  determined  real-time  during  the  processing  of  any  computation.  The  B&W  mod¬ 
els  suffered  from  border  value  calculation  errors  around  the  matrix  edges,  and  was 
dealt  with  through  the  use  of  the  adjacency  and  perimeter  sets  (4).  To  avoid  neighbor 
value  calculation  errors  around  the  matrix  edges  in  the  modified  models,  a  “frame” 
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(concept  derived  through  discussions  with  D.  Cameron)  will  be  added  to  the  original 
image  consisting  of  an  extra  row  of  cells  at  both  the  top  and  bottom  and  an  extra 
column  of  cells  on  both  the  left  and  right  whose  costs  will  equal  some  large  value  like 
100  or  1000;  in  this  way,  the  neighbors  of  every  original  image  cell  (now  comprising 
rows  2  to  (m  —  1),  and  columns  2  to  (n  —  1)  )  can  easily  be  determined.  This  extra 
frame  precaution  is  only  needed  when  dealing  with  neighbors,  and  then  only  some 
times  due  to  the  fact  that  GAMS  generally  processes  constraints  dealing  with  neigh¬ 
bors  correctly  even  without  the  frame.  More  shall  be  demonstrated  about  this  point 
later  with  the  Modified  Multiple  Subregion  Allocation  example  problem.  For  now, 
simply  note  that  with  any  of  the  following  constraints  dealing  with  neighbors,  the 
range  of  i  may  have  to  be  adjusted  to  i  €  {2, . . . , m  —  1},  and  j  to  j  6  {2, . . . ,  n  —  1}. 

There  are  many  constraints  that  can  be  applied  to  the  model  to  enforce  some 
measure  of  compactness  onto  the  cells  now  that  the  idea  of  neighbors  has  been 
explained.  For  instance,  by  requiring  each  subregion  cell  to  have  at  least  one  first- 
order  neighbor,  no  single  cell  will  ever  form  a  subregion  by  itself.  Besides  being 
a  requirement  to  meet  the  above  definition  of  “subregion,”  a  constraint  such  as 
this  could  aid  in  maintaining  contiguity,  but  in  itself  is  not  sufficient  to  enforce 
contiguity  on  the  entire  subregion.  If  a  square  subregion  were  desired,  the  constraint 
that  each  subregion  cell  have  at  least  one  first-order  neighbor  would  not  prevent  two 
pairs  of  non-contiguous  cells  to  be  chosen  as  the  subregion  cells.  Requiring  that 
each  subregion  cell  have  at  least  two  first-order  neighbors  or  three  total  neighbors 
would  force  even  more  compactness  and  contiguity  on  the  subregion,  but  there  is  no 
guarantee  that  for  a  large  size  subregion,  many  small  2x2  subregions  (of  area  4)  might 
be  formed  instead  of  one  large  contiguous  subregion.  Nonetheless,  the  applicability  of 
the  above  compactness  constraints  will  be  explored  and  further  constraints  developed 
as  needed.  Examples  of  typical  constraints  follow: 

The  “one-first-order-neighbor-minimum”  compactness  constraint: 

m  71 

^  Xy  ®('-i  J)  "h  d"  d"  -^(ib+i)  ■“  —  0  (53) 

i=i  i=i 

The  “two-first-order-neighbors-minimum”  compactness  constraint: 

771  n 

E  E  ■'*'(••-1,/)  +  ®(.-+ib)  d-  d-  -  2(wij)  >  0  (54) 

1=1  i=i 
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Although  these  equations  may  at  first  seem  unrelated  to  their  stated  compact¬ 
ness  goals,  they  are  nothing  more  than  a  linear  expression  stating  that  “the  sum  of 
the  neighbor  values  of  a  cell  minus  the  cell  value  itself  (or  twice  the  cell  value  for  the 
‘2-neighbor’  constraint)  must  be  greater  than  or  equal  to  zero.”  This  expression  will 
cause  any  cell  which  might  be  a  candidate  for  allocation  to  a  subregion  =  1)  to 
be  discarded  (x,j  =  0)  if  its  neighbor  sum  does  not  meet  the  requirement. 

Equations  51-54  can  be  put  together  with  the  required  binary  constraint  to 
formulate  the  Modified  Single  Subregion  Allocation  Model. 

rn  n 

Min  Z  =  (55) 

i=l  i=i 

n 

=  M  (56) 

i=i 

m  n 

t=i  i=i 

m  n 

Xy  ^(<+'^,3)  "I"  “  2(a:,j)  >  0  (58) 

i=l  i=:l 

.T.-j  €  [0,1],  \f  ij  (59) 

3.10  Modified  Single  Subregion  Allocation  Example 
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either 
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Figure  8.  MSSA1:16-Cell  Modified  Single  Subregion  Allocation  Example  Input. 

For  the  solving  of  problem  SSAl  (input  data  recreated  in  Figure  8)  using  the 
MSSA  model,  the  compactness  constraint  stipulating  that  each  cell  must  have  at  least 


one  neighbor  is  used  (recall  the  desired  subregion  size  is  M  —  2;  therefore,  the  cells 
which  will  make  up  the  subregion  cannot  possibly  have  two  first-order  neighbors). 
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Figure  9.  MSSA1:16-Cell  Modified  Single  Subregion  Allocation  Example  Solution, 

The  formulation  of  the  problem  is  shown  below,  the  solution  of  which  is  shown 
in  Figure  9,  and  the  partial  output  file  of  which  is  contained  in  Appendix  B. 


'I  4 

Min  Z  =  CjjXij 

«s-i  i=i 

subject  to; 

4  4 

i=l  i=l 


i=i  j=l 

.-Co- €[0,1], 


(60) 


(61) 

(62) 

(63) 


3.11  Modified  Multii)le  Sxibrcgion  Allocation  (MMSA) 

In  a  manner  similar  to  the  B&W  Multiple  Subregion  Allocation  model,  the 
MSSA  model  above.  Equations  55-59,  can  be  extended  to  allow  for  cells  to  be  allo¬ 
cated  to  one  of  any  number  of  K  possible  subregions  of  required  area  Mk- 

Given  a  data  matrix  of  m  rows  and  n  columns,  the  binary  variable  i  G 
{1, . . .  ,m},  j  G  {1, . . .  ,n},  k  G  {1,  ■  •  ■  ,K]  'vill  be  used  to  repre.sent  the  cells.  x,jt; 
will  equal  1  if  cell  ij  belongs  to  subregion  k,  and  0  if  not.  With  the  addition  of 
a  constraint  restricting  cells  to  at  most  one  subregion,  the  entire  MSSA  model. 
Equations  55-59,  can  be  changed  to  reflect  the  multiple  subregion  application  of 
the  Modified  Multiple  Subregion  Allocation  (MMSA)  Model  (due  to  compactne.ss 
problems  which  shall  be  discussed  shortly,  this  is  not  the  final  formulation); 


(64) 


Min  Z  = 


1=1  j=l  A-=i 

subject  to: 

Tn  n 

f^f^Xi^k  =  MkykeK 

.■=1  i=l 

(65) 

either 

m  n 

EE-'c- 

«=i  j=i 

"h  •'*^(z+l ,i,fc)  +  ^  0,  V  A;  £ 

(66) 

or 

m  n 

«=i  j=i 

"h  ~  2(a;,j7;)  >  0,V  k  £  K 

(67) 

K 

^1)  hi 

k=l 

(68) 

Xijk^[0,l],  \/i,j,keK 

(69) 

3.12  Modified  Multiple  Subregion  Allocation  Example 
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Figure  10.  MMSA1:36-Cell  Modified  Multiple  Subregion  Allocation  Example 
Input. 

Figure  10  represents  the  same  MSA  problem  input  data  as  that  solved  by  the 
B&W  model.  It  was  decided  to  use  a  constraint  that  stipulated  that  each  cell  should 


have  at  least  one  second-order  neighbor  in  addition  to  the  two-first-order-neighbors 
constraint. 


Figure  11. 
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MMSA1:36-Cell  Modified  Multiple  Subregion  Allocation  Example  Solu¬ 
tion  1. 


The  formulation  of  the  problem  is  shown  below,  the  solution  of  which  is  shown 
in  Figure  11. 


subject  to; 


Min  Z  =  E  E 

i=i  j=i  k=i 


:=1  i=l 
6  6 

.’=1  j=l 


(70) 

(71) 

(72) 


6  6 


-iiiifc)  T  "b  ^  0,  /;  €  [1)2]  (7.3) 

t=i  j=i 


6  6 


-1  ,j+i,fc)  +  "T^(;+i,i+i,/;)  +  •'C(i+i  -  Xijk  >0,ke  [1, 2]  (74) 

i=l  i=i 


^•-co-fc^l,  Vi,j 


k=l 


■'c.jfc  e  [0,1],  yi,j,he[i,2] 


(75) 

(76) 
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Realizing  that  the  MMSAl  model  solution  was  less  compact  and  yet  more  ex¬ 
pensive  than  the  compact  solution,  a  development  which  was  counter-intuitive,  it 
was  decided  to  try  the  problem  again  with  a  frame  of  cells  around  the  matrix  edges. 
The  allocation  of  the  cells  was  obviously  not  registering  correctly  since  the  problem 
being  a  subregion  allocation  problem,  a  multiobjective  problem,  a  less  compact  so¬ 
lution  should  have  yielded  a  less  expensive  solution  (or  at  least  not  a  more  expensive 
solution). 
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Figure  12.  MMSA2:36-Cell  Modified  Multiple  Subregion  Allocation  Example 
Input. 

Figure  12  represents  the  same  MSA  problem  input  data  as  that  solved  by  the 
B&W  model  and  the  MSSAl  problem  but  with  the  addition  of  a  frame  of  cells.  The 
only  compactness  constraint  used  was  the  two-first-order-neighbors  constrrunt. 

The  formulation  of  the  problem  is  shown  below,  the  solution  of  which  is  shown 
in  Figure  13,  and  the  input  file  of  which  is  contained  in  Appendix  B.  The  MMSA2 
model  solution  was  less  compact  but  at  least  cost  the  same  as  the  B&W  solution. 
This  solution  is  more  acceptable  than  the  MSSAl  solution  since  it  does  not  violate 
the  “less-compact-more-expcnsivc”  erroneous  results  of  the  MSSAl  problem. 

1=1  i=l  Jt=l 

8  8 


subject  to: 


(7S) 


Figure  13. 
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MMSA2:36-Cell  Modified  Multiple  Subregion  Allocation  Example  Solu¬ 
tion  2. 


S  8 

=  (79) 

i=l  J=1 

7  7 

X/  "b  "b  ^  0,  €  [1, 2]  (80) 

«=2  j=2 

Vz,i  (81) 

A—i 

■'rii^  e(0,l],  \/i,j,ke  [1,2]  (82) 

In  an  attempt  to  enforce  more  compactness  on  the  subregions,  another  attempt 
was  made  at  the  MMSAl  problem,  input  shown  in  Figure  12.  The  one-second- 
order-neighbor  compactness  constraint  was  added  to  the  model.  The  formulation  of 
Problem  MMSA3  is  shown  below,  the  solution  of  which  is  shown  in  Figure  14. 


subject  to: 


Min  2 

i=i  j=i  k=\ 

i:e-o.=9 

i=l  j=l 


(S3) 


(84) 
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Figure  14.  MMSA3:38-Cell  Modified  Multiple  Subregion  Allocation  Example  Solu¬ 
tion  3. 


(S5) 

;=i  j=i 

7  7 

Yj  Y  J,fc)  +  -  2(xijk)  >  0,  /:  G  [1, 2)  (86) 

1=2 

7  7 

Y  Y  ^i-hi-hk)  +  Hi-hiT-hk)  4-  “  Xijk  >  0,  h  G  (1, 2]  (87) 


t=t2  j=2 


Y^Uk  ^  Ij 

k=l 


Xijk  €  (0, 1), 


ViJ 

Vi,j\fcG[L2) 


What  has  become  apparent  is  that  the  compactness  constraints  used  so  far 
are  not  sufficient,  in  and  of  themselves,  to  enforce  comjjactness  on  the  entire  sub- 
region.  This  development,  as  well  as  the  lack  of  a  true  subregion- wide  contiguity 
constraint  mentioned  earlier,  prompted  tlie  exploration  into  the  creation  of  \ct  other 
compactness  constraints. 

The  obvious  choice  for  an  ad<litional  compactness  constraint  would  be  one 
that  enforces  some  user  defined  shape  requirements  on  the  subregions  in  a  manner 
analogous  to  the  way  in  which  the  B&W  model  enforces  shape  constraints  based  on 
subregion  perimeters  and  cell  borders,  but,  of  course,  doing  so  without  the  P  and 


N  variables  and  constraints.  The  shape  constraint  would  have  to  dictate  the  height 
and  width  of  the  desired  subregion.  Looking  at  Figure  11,  one  can  mentally  collapse 
all  the  rows  down  upon  one  another  and  see  that  the  size-9  subregion,  Subregion  2, 
is  three  columns  wide.  Crunching  the  columns  in  upon  each  other  reveals  that  th. 
subregion  is  four  rows  high.  While  the  overall  width  is  acceptable,  the  height  is  not; 
thus  the  apparent  loss  in  compactness  for  the  subregion. 

Expanding  on  constraints  developed  by  Benabdallah  and  Wright  (1:13),  two 
additional  binary  variables  will  be  used  in  the  problem:  and  Ljk,  representing  the 

matrix  rows  and  columns,  respectively,  which  contain  cells  in  subregion  k.  Two  other 
variables  are  used  to  store  the  user-defined  width  and  height  for  each  subregion,  W'k 
and  Hky  respectively.  The  basic  constraints  state  that  if  a  row  (column)  does  in  fact 
contain  cells  of  a  subregion,  then  the  number  of  cells  must  equal  the  width  (height) 
of  the  subregion  to  which  they  belong:  these  constraints  are  ..mating  the  maximum 
number  of  rows  and  columns  that  can  contain  cells  of  the  subregion.  Two  pairs  of 
additional  constraints  are  needed  to  control  the  overall  shape,  and  thus  compactness, 
of  the  subregions: 


E-'^b-A--(W^A-)(i?.-fc)  =  0,  \fi,keK  (90) 

j=l 

m 

J2Rik-Hk  =  0,  ykeK  (91) 

*=1 

m 

1=1 

j=i 

The  formulation  of  the  final  Modified  Multiple  Subregion  Allocation  problem 
(MMSA4),  adding  Equations  90-93  to  Equations  64-69,  is  shown  below.  The  input 
used  is  the  was  the  original  input  as  shown  in  Figure  8:  no  frame  was  used  for  this 
formulation.  The  solution  to  the  problem  is  shown  in  Figure  15,  and  the  partial 
output  file  is  contained  in  Appendix  B. 


yj,keK  (92) 

V  k  e  K  (93) 
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Min  2  ^  ^  djXijk  (94) 

.=1  i=i  *=1 

subject  to; 

S  E  =  9  (95) 

i=l  j=l 

EE-'*^0-2  =  ^  (96) 

«=i  j=i 

6  6 

E  E  "b  "b  6>  ^  €  [1, 2]  (97) 


Ea;.-,-t<l,  Vi,i  (98) 

Jl:=l 

6 

E  Xiji  -  3(i?,-i)  =  0,  V  z  (99) 

i=i 

6 

2a;o-2-2(i?.-2)  =  0,  Vz  (100) 

i=i 

6 

E  ■^••1-3  =  0  (101) 

1=1 

6 

E^i2-2  =  0  (102) 

t=i 

E-'Cui-3(iii)  =  0,  Vi  (103) 

1=1 

Y,Xij2-2{Lj2)  =  0,  V;  (104) 

1=1 

l;ijt-3  =  0  (105) 

J=I 

6 

E 4-2 -2  =  0  (106) 

3=1 

Xijk,  Rik,  hk  €  [0, 1],  V  i,i,  k  €  [1,2]  (107) 
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Figure  15.  MMSA4:36-Cell  Modified  Multiple  Subregion  Allocation  Example  Solu¬ 
tion  4. 


3.13  A  Final  Modified  Single  Subregion  Allocation  Example 
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Figure  16.  MSSA2:36-Cell  Single  Subregion  Allocation  Example  Input. 

Assume  Figure  16  represents  36  cells  of  a  data  matrix  with  the  cost  as  indicated 
being  the  costs  of  acquiring  the  cells  into  the  subregion.  If  the  problem  were  to 
acquire  the  most  compact  single  subregion  with  area  equal  to  16,  then  M  =  16, 

//  =  4,  W  —  4,  and  thus  the  maximum  number  of  rows  and  the  maximum  number 
of  columns  which  could  contain  cells  of  the  subregion  would  also  be  equal  to  4  , 
{Rj  =  4,  Lj  =  4). 

By  using  the  appropriate  values  for  Equations  64-69,  and  Equations  90-93, 
and  letting  /<'  =  !,  the  problem  MSSA2  is  formulated  as  shown  below,  the  solution 
of  which  is  illustrated  in  Figure  17. 
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(108) 


Min  Z  =  YlY^ CijXij 

!=1  J=1 

subject  to: 

6  6 

=  16 

i=l  j=l 

6  6 

Xy  Xy  ‘"^(*+1.1)  "i"  "i"  ■"  —  6 

i=l  i=l 

6 

^ x.j  -  i{Ri)  =  0,  Vi 

i=i 

E/?.--4  =  0 

t'=i 

^a;ij-4(4-)  =  0,  Vj 

t=i 

i:i^i-4=o 

i=i 

Xij,  Rj^  Lj  €  [0,1],  3 


(109) 
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Figure  17.  MSSA2;36-Cell  Single  Subregion  Allocation  Example  Solution  1. 


Obviously,  this  solution,  though  meeting  the  constraints,  is  not  the  desired 
solution  (see  Figure  7).  One  final  set  of  constraints,  tailored  specifically  for  the  sub- 
region  shape  desired,  must  be  added.  These  constraints  state  that  for  any  row  to 
contain  cells  of  the  subregion,  every  row  within  the  height  of  the  desired  subregion 
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size  must  also  contain  cells  of  the  subregion;  the  same  holds  true  for  the  columns  of 
the  subregion  with  respect  to  the  width.  The  height  range  can  be  specified  by  the 
terms  Hiou.  and  Hh,gh‘,  the  width  range  by  W/ow  and  where  the  low  and  high 

subscripts  denote  the  lowest  and  highest  numbered  row/column  which  can  contain 
cells  of  the  subregion  given  that  the  current  row/column  contains  cells  of  the  sub- 
region.  Specifically,  Hiow  =  i  -  Hik  +  1;  Hhigh  =  i  +  Hik  -  1;  =  j  ~  Wjk  +  1; 

and  Wkigh  =  i  +  Wgk  —  1.  These  new  row  and  column  adjacency  constraints,  which 
would  be  unique  for  each  subregion,  follow; 


^^high 

E  Rik-{Hk){Rik)>0, 

yi,k€K 

(116) 

^high 

3—^^tow 

\fj,keK 
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Figure  18.  MSSA3:36-Cell  Single  Subregion  Allocation  Example  Solution  2. 


By  using  the  appropriate  values  for  Equations  64-69,  Equations  90-93,  and 
Equations  116-117  and  letting  K  =  1,  the  problem  MSSA3  is  formulated  as  shown 
below,  the  solution  of  which  is  illustrated  in  Figure  18,  and  the  partial  output  file  of 
which  is  contained  in  Appendix  B. 


subject  to: 


Min  Z  = 

i=:l  i=l 

6  G 

=  16 

;=i  i=i 


(118) 


(119) 
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(120) 


6  6 
i=l  i=l 


6 

X].'CO--4(/?;)  =  0,  Vi  (121) 

i=i 

6 

X];?;-4  =  0  (122) 

1=1 

£x,-,-4(Ij)  =  0,  Vj  (123) 

i=l 

i:i,-4  =  0  (124) 

1=1 

i?,_3  +  ili_2  +  iR:-l  +  jRj+l  +  Jii+2  +  ~  3(i?i)  >0  Vi  (125) 

Lj_3  +  i/j_2  +  +  Lj+1  +  Zrj+2  +  Jjj+3  ~  3(l/j)  >0  V  jf  (126) 

Xij,Ri,Lj  e[0,lh  Vi,j  (127) 


This  final  set  of  constraints  yielded  the  correct  solution.  To  note  is  the  fact 
that  the  constraint  was  actually  written  in  the  GAMS  input  file  as  a  constraint 
to  apply  on  every  subregion  k;  of  coures,  there  was  only  one  subregion  here.  For 
this  approach  to  work  on  multiple  subregions,  yet  other  binary  variables  would  be 
needed  in  order  to  specify  the  ranges  for  the  rows  and  columns  of  each  subregion 
in  order  to  apply  this  last  set  of  constraints.  Based  on  the  fact  that  this  one  set 
of  extra  constraints  in  the  MSSA3  final  solution  resulted  in  a  marked  increase  in 
the  number  of  branch-and-bound  iterations  needed  to  solve  the  problem  (from  0  in 
MSSA2  to  24,602  in  MSS  A3),  one  can  deduce  that  the  number  of  branch-and-bound 
iterations  would  increase  even  more  in  a  multiple  subregion  problem.  Any  savings 
in  computation  lime  would  soon  be  overcome.  What  is  actually  needed  is  a  way  to 
apply  the  compactness  criteria,  forcing  contiguity,  on  a  subregion  without  unduly 
burdening  the  branch-and-bound  portion  of  the  solution  procedure;  possibly  a  way 
to  take  into  account  the  cell  borders  themselves  would  be  the  best  approach.  This 
conclusion  forces  the  realization  that  the  constraints  and  variables  found  in  the  B&W 
model  are  the  most  appropriate  to  use  in  order  to  fully  apply  the  compactness  and 
contiguity  criteria. 
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S.14  Applicability  and  Complexity  of  the  Modified  Subregion  Allocation  Models 

In  the  problems  which  have  been  tested,  the  MSSA  and  MMSA  models  were 
more  compact  and  quicker  than  the  B&W  models.  The  modified  models  have  fewer 
overall  constraints  and  variables.  In  general,  only  1/3  to  1/4  of  the  equations  are 
needed,  and  only  (K  x  rn  x  n)  +  {K  x  m)  +  {K  x  n)  +  1  variables  are  needed, 
where  m  and  n  are  the  number  of  rows  and  columns  of  the  framed  data  matrix, 
K  is  the  number  of  subregions,  and  the  one  extra  equation  is  the  objective.  See 
Table  1  for  a  comparison  of  some  basic  features  and  results  of  the  two  different 
formulations.  The  major  flaw  with  the  modified  models  is  that  they  do  not  handle 
subregion  contiguity  and  overall  subregion  compactness  “properly.”  In  other  words, 
contiguity  and  compactness  are  not  incorporated  into  the  modified  models  in  as  full 
a  treatment  as  they  should  be,  given  that  they  do  refer  to  the  third  objective  of  the 
multi-objective  subregion  allocation  problem.  Contiguity  for  the  subregion  as  a  \vhole 
can  only  be  obtained  through  the  use  of  additional  decision  variables  representing  the 
cell  borders;  this  means  that  if  a  full  exploration  into  a  subregion  allocation  problem, 
including  dealing  with  the  compactness  and  contiguity  constraints,  were  desired,  only 
a  model  formulated  to  take  into  account  cell  borders  (such  as  the  B&W  model)  could 
handle  those  constraints.  The  modified  formulations  of  subregion  allocation  would 
be  appropriate  to  use  for  those  instances  in  which  the  cells  of  interest  were  already 
configured  in  some  sort  of  contiguous  manner,  such  as  is  the  case  with  spatial  analysis 
of  satellite  imagery,  a  case  study  of  which  is  presented  in  Chapter  V. 


Table  1.  A  Comparison  of  the  B&W  and  Modified  Subregion  Allocation  Models. 


Problem 

Name 

Generation  + 
Execution  Times 

Iterations: 

LP/B&B 

Number 
of  Eqs 

Number 
of  Vars 

LP  Coefs 
not  0,  ±1 

B&B 

nodes 

SSAl* 

2.83  sec 

152/435 

147 

145 

16 

59 

1.13  sec 

14/0 

18 

17 

16 

0 

MSAl* 

8.17  sec 

874/15669 

617 

649 

72 

256 

MMSAl 

3.13  sec 

191/4353 

183 

73 

144 

214 

MMSA2 

3.06  sec 

134/5494 

139 

129 

200 

384 

MMSA3 

3.71  sec 

204/10796 

211 

129 

200 

353 

MMSA4* 

2.64  sec 

185/9044 

139 

97 

168 

203 

SSA2* 

5.01  sec 

355/572 

334 

331 

42 

16 

MSSA2 

1.52  sec 

57/0 

52 

49 

48 

0 

MS3A3* 

1.43  sec 

70/24602 

64 

49 

60 

539 

*in(licales  correct  .solution  obtained 
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IV.  Network  Formulations  of  the  Subregion  Allocation  Problem 


Linear  and  binary  programnaing  problcnas  can  be  solved  much  more  efficiently 
using  specialized  network  programming  packages  if  a  network  structure  is  embedded 
in  the  problem  (7).  The  first  task  is  to  find  the  inherent  network  structure  within 
a  problem,  if  such  a  structure  does  indeed  exist.  For  the  problem  of  finding  the 
minimum  costing  subregion  of  size  M  out  of  a  matrix  of  cells,  just  such  a  network 
structure  exists.  In  fact,  many  different  networks  can  be  developed,  each  with  its 
own  specialized  nodes,  arcs,  and  side  constraints.  After  experimenting  with  the  basic 
rudiments  of  several  different  network  approaches,  the  research  in  this  area  yielded 
two  formulations  which  stood  out  above  the  rest  for  one  reason  or  another.  This 
chapter  contains  the  development  of  these  two  network  formulations,  example  prob¬ 
lems  and  results,  a  discussion  of  the  complexity  and  utility  of  the  networks,  and 
conclusions  as  to  the  future  direction  development  should  take.  All  the  network 
problems  were  solved  on  a  VAX/ VMS  operating  system  using  the  NETFLOW  pro¬ 
cedure  of  the  statistical  and  network  programming  package  SAS,  which  supports  the 
use  of  networks- with-side-constraints  (7),  Due  to  the  extreme  length  of  the  input 
files  for  SAS,  Pascal  programs  were  written  to  automatically  generate  the  SAS  input 
files  based  on  the  matrix  data  files  and  user  inputs.  Specific  instructions  on  running 
these  programs  can  be  found  in  Appendix  A.  The  Pciscal  programs  and  the  partial 
output  files  from  selected  SAS  runs  are  located  in  Appendix  C. 

4.1  The  Area-  Wall  Network  Formulation  of  the  Single  Subregion  Allocation  Problem 

Due  to  the  large  number  of  variables  and  constraints  used  by  the  B&W  model 
to  enforce  contiguity  and  compactness,  essential  criteria  of  subregion  allocation,  it 
was  decided  to  attempt  a  network  formulation  that  possessed  an  inherent  contigu¬ 
ity  among  its  cells  so  as  to  possibly  avoid  having  to  specify  contiguity  (and  many 
compactness)  constraints.  The  subregion  allocation  problem  can  be  formulated  as  a 
min-cost  network  problem  with  side  constraints  (a  shortest-path  problem  in  the  case 
of  the  single  subregion  allocation  problem).  The  side  constraints  will  be  explained 
later. 

Let  all  the  n  number  of  cells  of  the  cell  matrix  now  be  represented  by  network 
nodes  and  referred  to  henceforth  as  a  “wall.”  There  will  exist  one  wall  of  nodes. 
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labeled  a,  b,  c,  . ,  for  each  cell  of  the  desired  subregion.  The  walls  are  connected 
to  each  other  by  arcs  which  connect  each  cell  node  of  one  wall  to  its  neighbors  in 
the  succeeding  wall.  The  term  “cell”  now  refers  to  the  total  collection  of  nodes  with 
that  cell  number  (i.e.,  Cell  12  refers  to  nodes  al2,  bl2,  cl2,  . . . ).  A  source  node,  s$, 
will  supply  a  flow  of  one  unit  into  the  first  wall  of  the  network,  and  a  destination 
node,  (Id,  will  demand  a  flow  of  one  unit  from  the  last  wall  of  the  network.  The 
source  node  is  the  tail  node  for  n  arcs,  one  into  each  cell  node  of  the  first  wall; 
therefore,  its  one  unit  of  flow  is  allowed  to  flow  into  any  cell  node  (can  enter  Wall  a 
at  any  node).  Conversely,  the  destination  node  is  the  head  node  for  another  set  of  n 
arcs,  one  from  each  cell  node  of  the  last  wall  (there  is  no  cost  to  exit  the  last  wall). 
Finally,  let  the  cost  of  acquiring  a  cell  now  be  the  cost  of  traversing  an  arc  to  one  of 
that  cell’s  nodes.  The  overall  objective  of  this  network  is  to  allow  one  unit  of  flow  to 
leave  the  source  node,  travel  into  a  node  of  the  first  wall,  through  nodes  of  the  other 
M  —  1  walls,  exiting  the  last  wall  into  the  destination  node,  and  finding  the  minimum 
costing  path  in  the  process.  The  subregion  will  be  made  up  of  those  cells  which  had 
flow  through  one  of  their  nodes.  In  the  context  of  the  manner  in  which  a  solution 
is  obtained,  this  is  a  network  problem;  however,  because  the  network  is  being  used 
to  solve  a  subregion  allocation  problem,  different  “solutions”  are  permissible.  To 
explain,  the  ideal  network  solution  would  be  one  in  which  one  unit  of  flow  flows 
from  the  source  to  Wall  a,  to  a  neighbor  in  Wall  b,  to  a  neighbor  in  Wall  c,  . . . ; 
however,  a  solution  in  which  the  sum  of  all  flows  into  a  cell  equals  one  (0.5  flow 
to  Node  al2  and  a  subsequent  0.5  flow  into  Node  cl2),  has  the  possibility  of  being 
an  acceptable  solution  as  well.  An  example  of  this  can  be  found  in  the  discussion 
of  problem  AREAWALL2,  below.  Figure  19  represents  how  an  Area- Wall  network 
would  appear  if  the  subregion  allocation  problem  were  to  determine  the  minimum 
costing  subregion  of  size  three  from  an  arbitrary  cell  matrix  of  size  n. 


is  (7): 


The  general  formulation  of  a  network  with  side  constraints  (NSC)  problem 


Min  wx  +  cy  (128) 

subject  to: 

Ax  =b  (129) 

Bx  ■]-Cy  =  b'  (130) 

0<x<d  (131) 

0<y<D  (132) 
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where  x  and  y  are  the  decision  variables  of  the  network  and  side  constraints  respec¬ 
tively,  both  representing  arcs  in  this  case;  v)  and  c  are  the  costs;  A  is  the  node-arc 
incidence  matrix;  B  and  C  are  the  arbitrary  side  constraint  matrices;  b  is  the  sup¬ 
ply/demand  right-hand-side  of  the  A  matrix;  6*  is  the  right-hand-side  of  the  side 
constraints;  and  d  and  D  are  the  arc  capacities  and  upper  bounds  of  the  variables 
as  applicable  (in  this  case,  arc  capacities)  (7).  There  are  no  non-arc  variables  in  the 
problem  (i.e.,  even  the  side  constraints  are  constraints  in  terms  of  the  arcs).  At  least 
one  set  of  side  constraints  are  required  to  ensure  that  each  cell  node  is  visited  no 
more  than  once.  To  explain  this  first  set  of  side  constraints,  note  that  each  network 
wall,  though  containing  entirely  unique  nodes,  is  in  reality,  another  listing  of  the 
original  matrix  cells  preceded  by  the  wall  identifier.  If  a  path  were  to  flow  from 
Node  al  to  Node  b2  to  Node  cl,  cell  1  would  be  visited  twice;  this  would  not  be 
an  acceptable  path  through  the  network  because  a  cell  cannot  be  allocated  to  the 
subregion  more  than  once  which  is  what  the  network  path  would  be  indicating.  To 
prevent  the  repeat  visiting  of  nodes,  the  first  set  of  side  constraints  ensures  that  the 
total  flow  from  a  node  to  any  of  its  neighbors  in  any  wall  does  not  exceed  one. 

In  any  given  Area-Wall  formulation  of  a  single  subregion  allocation  (SSA) 
problem,  the  number  of  nodes,  arcs,  and  side  constraints  are  functions  of  the  initial 
matrix  size  and  the  desired  subregion  size.  Given  that  n  is  the  number  of  cells  in  a 
rectangular  matrix,  rows  is  the  number  of  matrix  rows,  cols  is  the  number  of  matrix 
columns,  and  M  is  the  desired  subregion  size,  the  functions  arc: 
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#nodes  =  [(jf  of  cells)  x  (#  of  network  walls)]  +  (source  node)  +  (destination 

node) 

#  nodes  =  nM  +  2 

#arcs  =  (source  arcs)d-(  (total  ^  of  cell  neighbors)  x  (^  of  network  wall 
connections)  )  +  (destination  arcs) 

arcs  =  [(4n  —  2rows  —  2cols)  x  {M  —  1)]  +  2n 

#side  constraints  =  ^  cells 

^  set-one  side  constraints  =  n 
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Figure  20.  AREAWALL1:16-Cell  Single  Subregion  Allocation  Example  Input. 

4.1.1  Area-Wall  Network  Example  1  (ARBAWALLl).  Figure  20  represents 
the  original  16-cell  SSA  problem  previously  solved  via  binary  programming  methods. 
It  is  desired  to  use  an  NSC  formulation  to  determine  the  minimum  costing  subregion 
of  size  two.  Immediately,  it  can  be  determined  from  the  functions  above  that  the 
number  of  1)  network  nodes  =  (16x2)-}-2  =  34,  2)  network  arcs  =  [(4  x  16)  —  (2x4)  — 
(2  X  4)1  X  (2  —  1)  -{-2  X  16  =  80,  and  3)  side  constraints  =  16.  Recall  that  the  Pascal 
program,  “areawall,”  used  to  generate  the  SAS  input  file  uses  an  already-generated 
working  file  as  the  matrix  data  file.  This  working  file  matrix  contains  a  frame;  thus, 
when  solutions  are  obtained,  the  cells  that  are  allocated  are  sequentially  numbered 
as  if  the  frame  cells  counted  in  the  overall  tally  of  cells. 

The  solution  is  shown  in  Figure  21,  and  the  input  and  partial  output  files 
are  located  in  Appendix  C.  The  solution  can  be  ascertained  from  the  output  by 
determining  which  path  the  flow  took  through  the  walls.  In  this  example,  the  path 
taken  was  from  the  source,  ss.  to  Node  a22,  to  Node  616,  to  the  destination,  dd.  As 
shall  be  demonstrated  in  later  example  problems,  the  solutions  are  generally  not  so 
easy  to  acquire. 
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Figure  21.  AREAWALL1;16-Cell  Single  Subregion  Allocation  Example  Solution. 

4-1-S  Area-Wall  Network  Example  2  (AREAWALL2) .  The  SSA2  problem 
previously  solved  via  the  binary  programming  models  of  the  preceding  chapter  was 
attempted,  but  due  to  the  relatively  large  size  of  the  resulting  network  (578  nodes, 
1872  arcs,  and  72  side  constraints  (includes  set-one  and  set-two  side  constraints  (ex¬ 
plained  below)  )  and  the  increase  in  computational  effort  needed  to  solve  a  network 
with  side  constratins,  the  problem  was  submitted  to  the  long  SAS  queue.  It  is  not 
known  how  many  CPU  minutes  were  used,  but  it  is  known  that  it  took  more  than 
two  CPU  minutes  since  the  short  SAS  queue  stopped  processing  the  Area- Wall  net¬ 
work  formulation  of  problem  SSA2  when  its  two-minute  CPU  time  limit  was  reached 
(thus,  the  submission  of  the  problem  to  the  long  SAS  queue),  and  it  also  took  less 
than  60  CPU  minutes  since  that  is  the  maximum  allowed  in  the  long  SAS  queue.  A 
discussion  of  the  CPU  time  involved,  however,  is  irrelevant  since  the  problem  was  not 
solved  completely  anyway.  The  solution  without  side  constraints  was  16  (apparently, 
the  four  corner  cells  of  each  of  the  four  matrix  corners);  determining  this  first  part 
of  the  solution  took  474  iterations.  Taking  into  account  the  side  constraints,  the 
SAS  network  package  struggled  through  nearly  1  million  iterations  before  halting, 
the  only  “results”  being  the  following  error  message  (shown  verbatim)  in  the  .log 
file  (there  was  no  .lis  file)  which  were  repeated  273  times  at  nearly  regular  inter¬ 
vals  beginning  with  iteration  number  5272  and  repeating  through  iteration  number 
948393; 


ERROR:  In  iteration  [iteration  number],  a  singular  working  basis  ma¬ 
trix  was  created  when  a  column  was  replaced  by  another.  The  problem 
may  be  numerically  unstable.  ZER02  may  need  altering.  Try  rerunning 
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using  different  pricing  strategies  etc.  that  may  avoid  this  basis.  NOTE: 

Will  assume  that  the  successive  column  updates  have  accumulated  round¬ 
off  errors.  The  working  basis  matrix  will  be  refactorizcd. 

Having  already  determined  that  this  particular  network  formulation  would  not  be 
practical  for  any  problem  size  other  than  “small,”  inherent  difficulties  in  solving  this 
network,  such  as  is  illustrated  by  the  error  messages  above,  came  cis  no  surprise. 
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Figure  22.  ARE AWALL2: 16-Cell  Single  Subregion  Allocation  Example  Input. 

In  order  to  illustrate  the  kind  of  solution  procedure  required  to  solve  the  area- 
wall  formulation,  another  subregion  allocation  problem  was  run.  Figure  22  represents 
this  new  16-cell  problem.  It  is  desired  to  use  an  NSC  formulation  to  determine  the 
minimum  costing  compact  subregion  of  size  six.  For  this  problem,  in  order  to  try  to 
enforce  some  measure  of  compac'mess  on  the  overall  subregion,  it  would  be  wise  to 
include  compactness  constraints  dictating  tliat  each  cell  have  at  least  two  first-order 
neighbors.  From  the  conclusions  of  the  preceding  chapter,  it  is  understood  that  this 
compactness  constraint  is  cell-oriented  and  not  well  suited  for  enforcing  compactness 
on  an  entire  subregion,  but  it  is  about  all  that  can  be  done  in  the  area-wall  network 
formulation.  The  application  of  this  compactness  constraint  is  accomplished  via  a 
second  set  of  side  constraints  stipulating  that,  for  every  cell,  the  sum  of  the  flows 
out  of  all  the  neighbors  of  that  cell  from  any  wall  minus  twice  the  sum  of  the  flows 
into  that  cell  in  any  wall  must  be  greater  than  or  equal  to  zero;  the  cxpre.ssion  of 
this  constraint  is  analogous  to  the  binary  programming  expression  of  this  constraint. 
There  is  one  of  these  constraints  for  each  original  matrix  cell. 

As  with  the  previous  problem,  it  can  be  determined  from  the  functions  above 
that  the  number  of  1)  network  nodes  =  (16  x  6)  -1-  2  =  98.  2)  network  arcs  = 
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[(4  X  4  X  4)  —  (2  X  4)  —  (2  X  4)]  x  (6  —  1)  +  2  x  16  =  272,  3)  set-one  side  constraints  = 
16,  and,  now,  4)  set-two  side  constraints  =  16.  -Again,  the  solution  can  be  ascertained 
from  the  output  by  determining  which  patii  the  flow  took  through  the  walls  (partial 
output  files  for  the  tabulated  runs,  below,  arc  contained  in  .Appendix  C). 


Table  2.  Flow  Results  of  Problem  AREAVVALL2,  Run  Number  1. 


To  wall  a 
nodc/.How 

To  wall  b 
iiode/llow 

To  wall  c 
no<!e/flow 

To  xvall  d 
nodc/flow 

To  wall  c 
nodc/flow 

To  wall  f 
nodc/flow 

To  dl 
flow 

1-5  /  0.25 

14  /  0.25 

S  /  0.25 

14  /  0.25 

0.25 

IG  /  o.os.a 

15  /  0.333 

9  /0.41G 

22  /  0.083 

23  /  0.083 

17  /  0.25 

23  /  0.25 

17/0.25 

23  /  0.333 

(16  above) 

9  /  0.0S3 

15  /  o.osr 

(9  above) 

Minimum  cost  (Branch  &  Bound  lower  bound)  =  G. 

Unfortunately,  in  this  example,  one  single  path  was  not  taken;  rather,  the 
flow  w'as  split  between  many  arcs  of  five  original  branches.  As  discussed  earlier,  the 
only  time  a  split-flow  solution  could  actually  yield  the  min-cost  subregion  desired, 
w'ould  be  if  1)  the  number  of  cells  that  had  any  flow  «at  call  through  them  exactly 
equcallcd  the  area  of  the  desired  subregion,  and  2)  the  sum  of  all  the  flows  into  each 
of  the  cells  exactly  equalled  1  (i.c.,  (all  flows  into  Node  012)  +  (<all  (low's  into  Node 
612)  -f  . . .  =  1).  Since  the  split-flow  solution  of  problem  AREA\V.ALL2  docs  not  fit 
this  description  of  an  calloc.ation  solution,  the  problem  must  be  run  again,  or  more 
specifically,  the  “carcawall"  Pascal  program  needs  to  be  run  again,  this  time  selecting 
the  "set  flow  on  arc(s)"  option  to  set  the  flow  on  one  or  more  cares  to  1  in  the  hopes  of 
driving  the  solution  to  a  single  pcath.  integral  solution  or  to  an  .acceptable  split-flow 
allocation  solution. 

What  is  actually  happening  is  th.at  ca  branch-and-bound  solution  is  being  .at¬ 
tempted  by  .adding  yet  another  side  constraint.  The  user  nuist  be  ccarcful  to  fully 
fathom  every  branch  in  the  branch  .and  bound  tree  .as  he  pursues  this  course  of  .ac 
tion  to  ensure  tli.at  e.ach  possible  outcome  h.as  been  f.athomed,  don)in.aled  by  a  better 
solution,  or  determined  infe.asiblc  (7).  In  general,  the  user  shoidd  pick  the  mo-st 
likely  br.anch,  using  wh.atcver  critcri.a  he  chooses,  .and  fulh  fcalhom  that  branch  until 
integer  .solutions  .arc  obt.aincd.  The  criteria  used  here  w,as  to  start  with  the  brancli 
th.a*  h.ad  most  of  the  original  flow  sent  through  it.  Once  an  integer  solution  using 
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this  branch  is  obtained,  that  solution  will  become  the  new  upper  bound  for  any 
remaining  branches.  For  example,  if  fully  fathoming  branch  number  1  to  an  integer 
solution  yields  a  cost  of  10,  then  10  is  the  new  upper  bound.  While  fathoming  a 
second  branch,  if  a  split-flow  solution  yields  a  cost  of,  say,  12,  then  one  can  know 
with  certainty,  that  12  is  the  lower  bound  for  that  second  branch  and  that  no  amount 
of  fathoming  further  on  ohat  second  branch  will  yield  a  cost  lower  than  12,  or,  for 
that  matter,  lower  than  10.  One  may  then  dispense  with  further  fathoming  of  the 
second  branch,  declaring  all  solutions  of  that  branch  “dominated,”  and  move  on  to 
fathoming  the  third  branch. 
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Figure  23.  AREAWALL2:16-Cell  Single  Subregion  Allocation  Example  Solution. 

Rather  than  a  discussion  at  length  concerning  the  branch-and-bound  results  of 
the  runs  covering  all  five  major  branches,  the  solutions  concerning  the  first  branching 
(setting  Arc  ssa23  to  1)  along  with  pertinent  comments  about  those  results  have  been 
summarized  in  Tables  2  6,  the  partial  output  files  of  which  are  located  in  Appendix 
C.  The  original  lower  bound  of  the  problem  was  6,  as  that  was  the  lowest  costing 
path  through  the  network.  For  all  the  subsequent  model  runs  after  run  number  1, 
I  he  “areawali”  program  was  re-iun,  this  time  selecting  the  “situation  option"  number 
2,  which  allows  for  the  flow  on  arcs  to  be  set  to  1.  This  re-running  of  the  program 
and  the  setting  of  arc  flows  was  repeated  30  times  until  all  five  branches  had  been 
fathomed,  determined  dominated,  or  found  infeasible.  Along  the  way,  the  optimum, 
compact,  minimum  costing  subregion  of  size  six  was  determined.  The  final  solution 
is  illustrated  in  Figure  23. 

All  other  branches  (Arcs  ssal5,  ssalG,  ssal7,  and  ssa9)  and  forks  of  those 
branches  vere  fathomed  in  the  same  manner  until  all  forks  of  all  these  branches  were 
determined  to  be  infeasible  dominated,  or  fathomed  to  the  same  solution  as  that 


Table  3.  Flow  Results  of  Problem  AREAWALL2,  Run  Number  2. 


To  wall  a 
node/flow 

To  wall  b 
node/flow 

To  wall  c 
node/flow 

To  wall  d 
node/flow 

To  wall  e 
nodc/flow 

To  wall  f 
node/flow 

Todl 

flow 

23  /  1 

22  /  1 

mngm 

17  /  0.5 

15  /  0.25 

8  /  0.25 

0.5 

0.25 

0.25 

Arc  ssa23  was  set  to  1.  Minimum  cost  =  6.5. 

Arc  a23b22  automatically  went  to  a  unit  flow. 

Fathoming  on  this  branch  (Arcs  b22cl6  and  b22c21)  must  continue. 


Table  4.  Flow  Results  of  Problem  AREAWALL2,  Run  Number  3. 


To  wall  a 
node/flow 

To  wall  b 
node/flow 

To  wall  c 
node/flow 

To  wall  d 
node/flow 

To  wall  e 
node/flow 

To  wall  f 
node/flow 

Todl 

flow 

23  /  1 

22/1 

16  /  1 

11  /  0.5 

17  /  0.5 

0.5 

9  /  0.5 

15  /  0.25 

0.25 

■■III 

8  /  0.25 

0.25 

Arcs  ssa23,  and  b22cl6  were  set  to  1.  Minimum  cost  =  9. 
Fathoming  on  this  branch  (Arcs  cl6dl7  and  cl6dl5)  must  continue. 


Table  5.  Flow  Results  of  Problem  AREAWALL2,  Run  Number  5. 


To  wall  a 
node/flow 

To  wall  b 
node/flow 

To  wall  c 
node/flow 

To  wall  d 
node/flow 

To  wall  e 
node/flow 

To  wall  f 
node/flow 

Todl 

flow 

23/1 

22  /  1 

16  /  1 

17  /  1 

11/1 

10  /  1 

1 

Run  number  4  (setting  Arc  cl6dl5  to  1)  was  found  to  be  infeasible. 
Arcs  ssa23,  b22cl6,  and  cl6dl7  were  set  to  1.  Minimum  cost  =  IS. 
This  is  a  feasible  solution. 

An  upper  bound  of  18  has  been  established. 

Return  now  to  the  last  fork  in  the  branch  and  continue  fathoming. 
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Table  6.  Flow  Results  of  Problem  AREAWALL2,  Run  Number  6. 


To  wall  a 
node/flow 

To  wall  b 
node/flow 

To  wall  c 
node/flow 

To  wall  d 
node/flow 

To  wall  e 
node/flow 

To  wall  f 
node/flow 

To  dl 
flow 

23  /  1 

22  /  1 

16  /  1 

17  /  1 

11  /  1 

10  /  1 

1 

Arcs  ssa23  and  b22c21,  were  set  to  1.  Minimum  cost  =  7. 

This  is  a  feasible  solution  (will  eventually  prove  to  be  the  optimal). 
The  first  attempt  on  the  second  fork  of  branch  number  1 . 

A  new  upper  bound  of  7  has  been  established. 


found  from  run  number  6.  It  should  be  pointed  out  that  because  this  is  originally 
an  allocation  problem,  multiple  optimal  solutions  to  the  network  always  exist,  even 
if  there  is  only  one  single  optimum  solution  to  the  allocation  problem  (i.e.,  flow  from 
Node  al2  to  Node  613  results  in  the  same  allocation  of  cells  as  does  flow  from  Node 
al3  to  Node  612). 


Table  7.  Flow  Results  of  Problem  AREAWALL2,  Run  Number  8. 


To  wall  a 
node/flow 

To  wall  b 
node/flow 

To  wall  c 
node/flow 

To  wall  d 
node/flow 

To  wall  e 
node/flow 

To  wall  f 
node/flow 

Todl 

flow 

15  /  1 

16  /  1 

jyllM 

»iWqM 

m 

Branch  ssal5  is  being  fathomed. 

Arcs  ssal5  and  al5bl6,  were  set  to  1.  Minimum  cost  =  7. 
This  is  a  feasible  solution  (equivalent  to  the  optimal) 
because  each  cell  has  been  allocated  a  total  flow  of  1. 


Also,  as  far  as  attempting  to  acquire  a  branch-and-bound  solution  is  concerned, 
it  was  mentioned  earlier  that  sometimes  it  is  not  necessary  to  have  an  integral  solu¬ 
tion  to  the  Area- Wall  network  in  order  to  have  a  feasible  solution  to  an  allocation 
problem;  Table  7  illustrates  this  point. 

4-2  The  Area-Wall  Network  Formulation  of  the  Multiple  Subregion  Allocation  Prob¬ 
lem 

Very  little  needs  to  be  changed  to  allow  for  the  network  formulation  of  the 
multiple  subregion  allocation  problem.  What  does  change  is  that  1)  the  flow  out  of 
the  so-’rce  equals  I(,  the  number  of  subregions  desired,  2)  there  is  one  destination 
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for  each  subregion,  and  3)  the  total  number  of  walls  depends  on  the  size  of  the 
largest  subregion  desired.  There  will  exist  one  wall,  labeled  a,  b,  c,  . . . ,  for  each 
cell  of  the  largest  desired  subregion.  The  walls  are  connected  to  each  other  by  arcs 
which  connect  each  cell  node  of  one  wall  to  its  neighbors  in  the  succeeding  wall.  A 
source  node,  ss,  will  supply  a  flow  of  K  into  the  first  wall  of  the  network,  and  one 
destination  node  for  each  subregion  (dl,  d2,  d3,  . . . )  will  demand  a  flow  of  one  unit 
from  the  appropriate  wall  (Wall  Mk)  of  the  network.  The  determination  of  nodes 
and  arcs  remains  basically  the  same  except  that,  after  having  built  the  network  with 
the  largest  subregion  in  mind,  each  additional  subregion  will  add  n  arcs  and  one 
destination  node  to  the  size  of  the  network.  The  overall  objective  of  this  network 
(cissuming  integral  flow)  is  to  allow  K  units  of  flow  to  leave  the  source  node,  travel 
into  K  nodes  of  the  first  wall,  through  nodes  of  the  other  Mk  —  1  walls,  exiting 
the  appropriate  Mk  wall  into  the  dk  destination  node,  finding  the  minimum  costing 
paths  to  all  dk  nodes  in  the  process.  Figure  24  represents  how  an  Area- Wall  network 
would  appear  if  the  multiple  subregion  allocation  problem  were  to  determine  the  two 
minimum  costing  subregions  of  sizes  5  and  3  from  an  arbitrary  cell  matrix  of  size  n. 


■B 

H 

H 

H 

nmni 

Figure  24.  Area- Wall  Network  Structure  for  a  5-Cell  and  3-Cell  Min-Cost  MSA 
Problem. 


In  any  given  Area- Wall  formuiatiou  of  a  multiple  subregion  allocation  (MSA) 
problem,  the  number  of  nodes,  arcs,  and  side  constraints  are  functions  of  the  initial 
matrix  size,  the  number  of  subregions  desired,  and  the  size  of  the  largest  desired 
subregion.  Given  that  n  is  the  number  of  cells  in  a  rectangular  matrix,  rows  is  the 


number  of  matrix  rows,  cols  is  the  number  of  matrix  columns,  K  is  the  number  of 
desired  subregions,  and  M  is  the  size  of  the  largest  desired  subregion,  the  functions 
are: 

^nodes  =  [{^  of  cells)  x  (#  of  network  walls)]  +  (source  node)  +(destination 
nodes) 

#  nodes  =  nM  +  1  +  K 

^arcs  =  (source  arcs)+(total  ^  of  cell  neighbors)  x  of  network  wall  con¬ 
nections)  -b  (destination  arcs) 

#  arcs  =  n  +  [(4n  —  2rows  —  2cc»/s)]  x  [M  —  1)  -1-  {Kn) 

#set  one  and  set-two  side  constraints  =  twice  the  ^  of  cells 
^  set  one  and  set-two  side  constraints  =  2n 
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Figure  25.  AREAWALL3:16-Cell  Multiple  Subregion  Allocation  Example  Input. 

Figure  25  represents  a  16-cell  MSA  problem.  Other,  larger  MSA  problems 
were  attempted,  but  only  resulted  in  error  statements  in  the  .log  files  similar  to 
those  received  when  the  SSA2  problem  was  attempted.  For  this  MSA  example,  it  is 
desired  to  use  an  NSC  formulation  to  determine  the  two  minimum  costing  subregions 
of  sizes  six  and  four  (meaning,  two  destinations  are  needed;  see  the  partial  output 
file  in  Appendix  C).  It  can  be  determined  from  the  functions  above  that  the  number 
of  1)  network  nodes  =  (16  x  6)  -b  1  -b  2  =  99,  2)  network  arcs  =  [(4  x  16)  —  (2  x 
4)  —  (2  X  4)1  X  (6  —  1)  -b  16  -b  2  x  16  =  288,  and  3)  side  constraints  =  2  x  16  =  32. 
Recall  that  the  Pascal  program,  “areawall,”  used  to  generate  the  SAS  input  file  uses 
an  already-generated  working  file  as  the  matrix  data  file.  This  working  file  matrix 
contains  a  frame;  thus,  when  solutions  are  obtained,  the  cells  that  are  allocated  arc 
sequentially  numbered  as  if  the  frame  cells  counted  in  the  overall  tally  of  cells. 
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Figure  26.  AREAWALL3:  Allocation  Results  from  Run  Number  1. 

The  solution  to  the  AREAWALL3  problem  runs  were  obtained  by  using  the 
short  SAS  queue  (the  computations  took  less  than  two  CPU  minutes).  A  different 
“branch-and-bound”  approach  was  performed  on  this  problem,  one  that  was  based 
on  the  fact  that  the  true  problem  here  is  one  of  cell  allocation  and  not  so  much  a 
strict  integral  network  min-cost  flow  problem.  The  first  step  was  to  examine  the 
output  of  AREAWALL3,  run  1,  and  determine  the  amount  of  allocation  of  each  cell 
(the  sum  of  the  flows  through  all  nodes  of  each  cell).  The  results  of  this  tally  can 
be  found  in  Figure  26  (see  the  partial  output  file  in  Appendix  C)  where  the  frame 
numbers  represent  cell  numbers,  and  the  numbers  in  the  circles  (which  represent  an 
allocated  cell)  represent  the  amount  by  which  that  cell  was  allocated  to  one  of  the 
subregions  (a  1  being  full  allocation).  At  this  time,  it  can  be  determined  that  Cells 
16,  17,  22,  and  23  belong  to  Subregion  2  because  of  the  ideal  integer  flow  from  the 
source  to  Node  al7,  to  Node  il6,  to  Node  c22,  to  Node  c/23,  to  Destination  (12. 

At  this  point,  the  actual  allocation  of  cells  to  Subregion  1  had  yet  to  be  de¬ 
termined.  For  this  new  “branch-and-bound”  method,  the  arc  to  be  set  to  1  is  that 
ss-to-wall-a  arc  corresponding  to  a  totally  allocated  cell  that  also  has  totally  allo¬ 
cated  neighbors  (the  choice  was  between  Arcs  ssaS,  ssa9,  ssal4,  ssalS,  and  ssa20);  in 
this  case.  Arc  ssa8  was  chosen.  The  second  run  was  not  as  successful  as  was  hoped 
(reference  the  partial  output  files  in  Appendix  C);  not  only  were  there  still  split  flow 
arcs,  but  now  Subregion  2  arcs  were  split. 

Because  of  these  split  flow  results,  the  third  run  arc-setting  side  constraint 
contained  those  original  Subregion  2  arcs  (to  ensure  their  integer  flow  was  not  dis¬ 
rupted)  in  addition  to  Arc  a8bl4  (which  automatically  went  to  an  integer  flow  in  run 
number  2)  and  Arc  bl4c20  (the  next  fork  to  fathom  on  this  particular  branching) 


O  -  1 

O  -  S.r.  2 

Figure  27.  AREAWALL3:  16-Cel!  Multiple  Subregion  Allocation  Exanaple 
Solution. 

(reference  Appendix  C).  The  third  run  proved  successful,  and  this  final  solution  is 
shown  in  Figure  27.  The  partial  output  files  are  included  in  Appendix  C.  The  cell 
allocation  solution  can  be  ascertained  from  the  output  by  determining  which  paths 
the  flow  took  through  the  walls  to  the  appropriate  destinations.  Subregion  2  flow 
has  already  been  described;  Subregion  1  consists  of  Cells  8,  9,  14,  15,  20,  and  21 
because  the  flow  from  the  source  took  the  following  path  (nodes  are  listed)  to  the 
destination  dl:  a8  to  614  to  cl5  to  d2l  to  e22  to  /23. 

4.3  Conclusions  of  the  Area-Wall  Network 

The  major  advantage  to  the  Area-Wall  network  approach  is  that,  given  unit 
flows  through  the  arcs  (no  split  flows),  the  subregion(s)  will  be  contiguous;  this 
inherent  contiguity  is  due  to  the  fact  that  flow  can  proceed  from  a  node  in  a  wall  only 
to  a  neighbor  of  that  node  in  the  next  wall,  and  so  on  to  the  destination.  The  network 
alleviates  the  need  for  contiguity-enforcing  side  constraints.  The  major  drawbacks 
to  this  formulation  are:  1)  the  addition  of  side-constraints  to  the  problem  causes  the 
oAS  solution  procedure  to  take  an  inordinate  amount  of  time  to  solve  the  problem, 
even  with  the  simplest  of  problems;  and  2)  the  formulation  has  no  ability  to  enforce 
subregion-wide  compactness,  only  being  able  to  enforce  compactness  and  contiguity 
on  a  cell-by-cell  basis  (and,  as  has  been  shown  with  the  binary  programming  models 
of  the  previous  chapter,  there  can  be  no  real  addressing  of  the  compactness  criteria 
without  such  an  ability). 

Generally  speaking,  network  problems  arc  much  less  complex  than  their  compa¬ 
rable  linear  and  binary  programming  problems,  comparing  on  the  order  of  complexity 


888 

CO 

CO 

CO 

888 

888 

888 

CO 

CO 

CO 

888 

® 

7 

7 

888 

CO 

CO 

CO 

® 

® 

® 

888 

CO 

CO 

CO 

® 

® 

® 

888 

888 

D 

2 

3 

3 

888 

CO 

00 

CO 

888 

888 

888 

888 

CO 

CO 

CO 

z=12 


58 


of  n  X 


(where  n  is  the  number  of  nodes  and  side  constraints  and  m  is  the 


number  of  arcs)  for  networks  versus  mn  x 


m-\-n 


(where  m  and  n  are  the  number 


of  equations  and  variables)  for  linear  programming  (7).  Because  the  node-arc  inci¬ 
dence  matrix  of  a  network  is  the  comparable  construction  to  the  equation-variable 
matrix  of  linar  and  binary  programming,  the  side  constraints  should  also  count  with 
the  total  tally  of  nodes  since  they  do  add  to  the  number  of  network  equations  in 
the  node-arc  incidence  matrix.  For  the  Area- Wall  network  formulations  then,  the 
complexity  of  solving  the  NSC  model  will  be  based  on  1  -{-  nM  -b  /{"  -b  2n,  where  the 
“1”  represents  the  source  node,  n  is  the  number  of  matrix  cells,  M  is  the  number 
of  cells  to  be  allocated  to  the  largest  subregion,  K  (representing  destination  nodes) 
is  the  number  of  subregions,  and  the  2n  expression  represents  the  total  number  of 
side  constraints  of  an  initial  problem  consisting  of  both  set-one  and  set-two  side  con¬ 
straints.  Based  on  this,  the  relative  complexity  of  each  of  the  example  problems  is 
given  below.  Even  though  the  comlexity  values  of  these  network  problems  is  approx¬ 
imately  the  square  root  of  those  of  the  binary  programming  problems,  the  network 
problems  all  took  longer  to  solve  (minutes  versus  seconds),  and  even  then  only  for 
an  initial  split-flow  solution  (with  the  exception  of  problem  AREAWALLl). 


AREAWALLl  with  34  nodes,  16  side  constraints,  and  80  arcs: 


(50)(80)  X  ,  which  yields  1.188367  x  10''°. 

I  50  ) 

•  AREAWALL2  with  98  nodes,  32  initial  side  constraints,  and  272  arcs: 


(130)(272)  X  ,  which  yields  1.14935  x  10^'°. 

[m) 

•  AREAWALL3  with  99  nodes,  32  initial  side  constraints,  and  288  arcs: 


(131)(288)  x  ,  which  yields  1.73833  x  10"°. 

I  131 


The  network  problems  took  fewer  iterations  than  the  binary  programming 
problems  (44  iterations  for  AREAWALLl  versus  592  iterations  for  SSAl);  to  note  is 


the  fact  that  AREAWALLl  was  the  only  problem  successfully  solved,  integer  flow, 
the  first  time  through.  Recall  that  SSA2  was  formulated  as  an  Area- Wall  network 
problem  and  was  not  solved  even  after  1  million  iterations. 

In  general,  the  limitations  of  networks  cannot  be  changed,  but  improvements 
in  the  overall  addressing  of  the  compactness  and  contiguity  criteria  in  subregion 
allocation  problems  can  be  made. '  Since  one  of  the  conclusions  from  Chapter  III 
was  that  cell  borders  need  to  be  taken  into  account  in  order  to  properly  address 
the  compactness  and  contiguity  criteria  of  subregion  allocation,  the  second  network 
formulation  attempts  to  do  just  that;  it  can  be  considered  almost  a  mirror-image 
network  implementation  of  the  B&W  binary  programming  model. 

One  interesting  phenonenon  to  note  was  that,  as  more  arcs  had  flows  set  on 
them  in  the  pursuit  of  a  branch-and-bound  solution  using  the  Area- Wall  network 
formulation,  the  longer  the  problems  took  to  solve.  Since  this  increase  in  solution 
time  cis  the  path  options  were  decreased  was  a  counter-intuitive  development,  a 
different  method  of  “setting  arc  flows”  in  the  Area- Wall  network  formulation  should 
probably  have  been  used.  One  possible  idea  is  to  not  set  arc-flow  via  a  side  constraint, 
but  rather  via  a  structural  change  in  the  network  itself:  the  flow  from  the  source 
could  be  decreased  by  the  desired  flow  on  the  arc  to  be  set,  and  the  head-node  of 
that  arc  could  actually  supply  the  desired  flow. 

4.4  Version  1  of  The  Cell-Border  Network  Formulation  of  the  Single  Subregion 

Allocation  Problem 

The  idea  that  nodes  will  make  up  “walls”  still  holds  in  the  “Cell-Border” 
formulation  of  the  subregion  allocation  problem.  The  Cell-Border  network  consists 
of  three  walls  of  nodes:  the  M  (matrix  cell)  wall,  the  B  (cell  border)  wall,  and 
the  C  (internal  border  connector)  wall.  There  is  one  source  node,  5,  from  which 
flows  a  quantity  equal  to  four  times  the  total  number  of  desired  subregion  cells  (the 
total  number  of  cell  borders  which  will  be  involved).  There  arc  three  destination 
nodes:  DE,  which  demands  a  quantity  equal  to  the  number  of  external  cell  borders 
comprising  the  subregion  perimeter;  DIR  which  demands  a  quantity  of  flow  equal 
to  the  number  of  cell  borders  comprising  internal  subregion  cell  connections  within 
rows;  and  DIC  which  demands  a  quantity  of  flow  equal  to  the  number  of  cell  borders 
comprising  internal  subregion  cell  connections  within  columns.  .Arcs  of  capacity  four 
carry  flow  from  Node  S  to  Wall  M.  Arcs  of  capacity  one  carry  flow  from  each 
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allocated  cell  to  its  corresponding  cell  border  nodes  in  Wall  B  (every  border  of  every 
allocated  cell  will  be  accounted  for).  The  flow  from  each  border  node  in  Wall  B, 
carried  on  arcs  of  capacity  one,  either  goes  directly  to  Node  DE  or  to  one  of  the 
internal  connector  nodes  of  Wall  C  (only  those  Wall-5  nodes  which  are  not  matrix 
perimeter  nodes  have  arcs  connecting  them  to  connector  nodes  of  Wall  C).  Finally, 
the  Wall  C  nodes  have  one  arc  each  of  capacity  two  (it  takes  two  adjacent  borders 
to  internally  connect  cells  of  the  subregion)  which  carry  flow  into  the  appropriate 
internal  destination  node  [DIR  or  DIG). 

Originally,  the  cost  of  cell  acquisition  was  assessed  on  the  5-to-Walt-M  arcs, 
but  because  of  later  developments  in  Version  2  of  the  Cell-Border  network,  this 
was  changed  and  retroactively  applied  to  Version  1.  The  cost  of  acquiring  a  cell  is 
now  assessed  on  the  Wall-A/-to-Wall-5  arcs.  Because  four  units  of  flow  must  travel 
from  S  into  each  allocated  cell  node  of  Wall  M,  applying  the  cost  to  the  M  cell 
on  each  5-to-Wall-M  arc  is  equivalent  to  applying  the  cost  to  each  M-to- Wall-5 
arc;  either  way,  the  final  network  solution  cost  is  actually  four  times  the  cost  of  the 
subregion  allocation  problem,  but  that  is  of  no  particular  consequence.  The  overall 
objective  of  this  network  is  to  allow  a  quantity  of  flow  equal  to  the  total  number  of 
desired  subregion  cell  borders  (four  times  the  desired  number  of  cells)  to  leave  the 
source  node,  travel  into  cell  nodes  of  Wall  M  (four  units  of  flow  into  each  allocated 
cell  node),  through  the  cells’  border  nodes  and  connector  nodes  of  Walls  5  and  C, 
respectively,  and  exit  into  the  appropriate  destination  (depending  on  whether  the 
cell  borders  are  subregion  external  borders,  internal  row  borders,  or  internal  column 
borders),  and  finding  the  minimum  costing  paths  in  the  process.  The  subregion  will 
be  made  up  of  those  cells  which  have  flow  through  their  Wall  M  nodes  and  through 
their  corresponding  Wall  5  and  Wall  C  nodes. 

Figure  28  shows  how  a  data  matrix  of  cells  is  conceptually  divided  into  the 
appropriate  nodes  for  use  in  the  Cell-Border  NSC  formulation  of  the  subregion  allo¬ 
cation  problem. 

Figure  29  represents  how  the  lower  right-hand  corner  (the  three  lower  right 
hand  corner  cells  of  the  data  matrix)  of  a  Cell-Border  network,  Version  1,  would 
appear  for  a  single  subregion  allocation  problem  where  the  objective  were  to  deter¬ 
mine  the  minimum  costing  2x3  (two  rows  by  three  columns)  subregion  of  size  six 
from  an  arbitrary  cell  matrix  of  size  n.  The  total  number  of  subregion  external  cell 
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Figure  28.  Break-Down  of  a  Data  Matrix  into  its  Cell-Border  Nodes. 
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Figure  29.  Lower-Right-IIancl  Corner  of  the  Example  Cell-Border  Network. 
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borders  equals  ten;  of  internal  cell  row  borders  equals  eight;  of  internal  cell  column 
borders  equals  six. 
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Figure  30.  CELLBORDERl:  16-cell  Single  Subregion  Allocation  Example  Input. 

Figure  30  represents  the  input  data  matrix  of  the  16-cell  SSAl  problem  previ¬ 
ously  solved  via  binary  programming.  It  is  desired  to  use  the  Cell-Border  network 
formulation  to  determine  the  minimum  costing  single  subregion  of  size  two  (height 
=  2;  width  =  1). 

The  first-run  SAS  input  file  contained  no  side  constraints  in  order  to  help 
determine  the  kinds  of  side  constraints  which  may  be  necessary.  To  note  is  the  fact 
that  a  2  X  1  subregion  will  have  no  row  connections;  therefore,  only  two  destinations 
are  actually  used:  DE  and  DJC,  which  have  demands  of  6  and  2,  ^ ’spectively.  Run 
1  of  the  CELLBORDERl  problem  resulted  in  four  units  of  flow  being  allocated  to 
Cell  1 1,  three  to  Cell  22,  and  only  one  to  Cell  29  (see  the  partial  output  listing  in 
Appendix  C).  In  addition,  internal  connections  (Nodes  c21  and  c20)  had  flow  on 
them  even  though  each  only  had  flow  on  one  of  their  parent  borders. 

Since  two  of  the  Cell-Border  formulation  goals  are  to  use  a  connector  node  only 
when  the  two  parent  borders  it  connects  arc  also  used,  and  to  have  all  four  borders 
of  an  allocated  cell  accounted  for,  two  sets  of  side  constraints  seemed  necessary. 
Set-one  side  constraints  will  ensure  that  connector  nodes  are  not  used  unless  the 
flow  into  them  from  both  their  parent  border  nodes  is  the  same  (i.e.,  they  have  to 
connect  something).  Set-two  side  constraints  will  ensure  that  the  flow  across  any 
border  of  a  cell  is  the  same  for  all  borders  of  that  cell.  Problem  CELLBORDERl, 
run  2,  contained  these  side  constraints  (sec  input  listing  in  Appendix  C). 

Specifically,  set-one  side  constraints  state  that  the  difierence  betw^cen  the  flows 
across  the  parent  border  nodes  of  each  connector  node  is  zero,  and  set- two  side 
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Figure  31.  CELLBORDERl:  16-Cell  Single  Subregion  Allocation  Example 
Solution. 

constraints  state  that  the  difference  between  the  flows  across  every  pair-  wise  combi¬ 
nation  of  a  cell’s  borders  and  its  other  two  borders  is  zero.  The  border  difference  is 
taken  pair-wise  as  opposed  to  single  border  versus  single  border  in  order  to  cut  the 
number  of  set-two  side  constraints  from  six  per  cell  to  three  per  cell.  The  solution  to 
run  number  2  of  the  CELLBORDERl  problem  is  the  correct  solution  and  is  shown 
in  Figure  31,  a  partial  listing  of  the  output  files  of  which  arc  contained  in  Appendix 
C. 

In  any  given  Cell-Border  formulation  of  an  SSA  problem,  the  number  of  nodes, 
arcs,  and  side  constraints  arc  functions  of  the  initial  matrix  size.  Given  that  n  is  the 
number  of  cells  in  a  rectangular  matrix,  row  is  the  number  of  matrix  rows,  and  col 
is  the  number  of  matrix  columns,  the  functions  are: 

i^nodes  =  of  cells)  -f  of  cell  borders)  -f  (#  of  connector  nodes)  -r  (source 
node)  -{-(destination  nodes) 

^  nodes  =  n  -}-  4n  -{-  (2r  —  row  —  col)  -b  1  -f  3 

=  7n  -b  4  —  row  —  col 

^arcs  =  (source  arcs)  -b  (M  to  B  arcs)  -b  (B  to  C  arcs)  -b  (B  to  DE  arcs)  -b 
(C  to  DIR/C  arcs) 

^  arcs  =  n  -b  471.  -b  (4n)  —  2ro«;)  —  2co/)  -b  47i  -b  (27i  —  row  —  col) 

—  loTZ  —  Zrow)  —  Zcol 

inside  constraints  =  0=  of  connector  nodes  -r  3x  (#  cells) 

#  set-one  and  set-two  side  constraints  =  (27i  -  row  —  col)  -b  377 
=  077  —  row  —  col 
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Figure  32.  CELLB0RDER2:  16-Cell  Single  Subregion  Allocation  Example  Input. 

Problem  AREAVv'ALL2  (input  shown  in  Figure  32)  was  forinub^ed  as  a  Cell- 
Border  network-with-side  constraints  problem  using  the  same  two  ^ets  of  side  con¬ 
straints  described  above  for  problem  CELLBORDERl. 
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Figure  33.  CELLBORDER2A:  3-Row-by-2-Column  Single  Subregion  Allocation 
Solution. 

The  problem  was  solved  once  for  the  minimum  costing  3x2  subregion  (problem 
CELLB0RDER2A),  and  once  for  the  minimum  costing  2x3  subregion  (problem 
CELLB0RDER2B).  The  partial  output  files  of  both  runs  are  located  in  Appendix 
C.  The  solution  to  problem  CELLB0RDER2A  is  shown  in  Figure  33.  Version  1  of 
the  Cell  Border  network  formulation  successfully  deteimincd  the  subregion  desired 
on  the  first  run. 

Problem  CELLB0R.DER2B  did  not  yield  a  correct  solution  on  the  first  run, 
the  cell  allocation  of  which  is  represented  in  Figure  34,  where  a  totally  allocated  cell 
is  shown  by  a  4,  and  a  partially  allocated  cell  is  shown  with  a  3,  2,  or  1  depending  on 
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Figure  34.  CELLB0RDER2B:  Allocation  Results  From  Run  Number  1. 

the  flow  through  the  cell’s  corresponding  Wall  M  node  from  Source  S.  The  numbers 
in  the  frame  cells  indicate  the  cell  numbers,  not  a  cost  value. 

The  CELLB0RDER2B  problem  indicated  that  more  work  on  the  overall  Cell- 
Border  network  formulation  was  needed,  but  first,  actually  solving  the  problem  was 
tried.  Arc-setting  seemed  to  be  the  place  to  start,  and,  in  fact,  the  former  method 
of  arc-setting  was  attempted  for  two  different  5-to-Wall-M  arcs  (Sml4,  and  Sm9), 
bat  the  solutions  were  even  more  broken  up  (partially  allocated  cells)  than  before, 
but  with  cost  basically  the  same  (only  the  partial  output  files  of  one  of  these  runs, 
problem  CELLBORDER2B  run  number  2,  setting  Arc  Sml4  to  4,  is  contained  in 
Appendix  C).  Interestingly  enough,  the  cost  of  the  split-flow  solution  to  problem 
CELLB0RDER2B  run  2  was  28,  the  true  cost  had  the  correct  solution  actually 
been  obtained  (which  would  have  been  to  put  4  units  of  fiow  into  Cells  15,  16,  17, 
21,  22,  and  23).  Because  of  the  fact  that  one  major  difference  between  the  Cell- 
Border  formulation  and  the  Area- Wall  formulation  is  that  the  Cell-Border  solution 
must  have  more  than  one  arc  between  walls  (must  find  more  than  one  single  path 
through  the  network),  and  because  of  the  inability  to  significantly  effect  a  change 
in  the  solution  through  setting  a  source  arc,  a  different  “branching-and-bounding”, 
if  any  is  possible,  will  probably  have  to  be  used.  Before  determining  if  such  a  new 
method  were  possible,  more  constraints  were  attempted. 

What  seemed  to  be  lacking  was  e  way  of  pushing  the  initial  flow  into  a  Wall-M 
cell  up  to  a  quantity  of  four  units  through  the  use  of  specialized  side  constraints. 
Based  on  previous  work  with  non-linear  programming,  it  was  determined  that  this 
dilemma  was  analogous  lo  attempting  to  force  “binariness”  on  a  positive  variable 
(i.e.,  attempting  to  force,  via  constraints,  a  positive  variable  X  6  [0..1|  to  either 
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0  or  1,  a  task  which  cannot  be  done  in  non-linear  programming).  Never-the-less, 
attempts  were  made,  but,  as  expected,  they  proved  unsuccessful. 

A  compactness  set  ( f  side  constraints  (set  three),  analogous  to  the  binary 
programming  compactness/contiguity  constraints  of  Equation  54,  was  added  to  the 
network  to  try  to  ensure  that  no  cells  were  allocated  without  at  least  two  other 
first-order  neighbor  cells  being  allocated  by  the  same  amount  (ideally  by  a  quantity 
of  four).  These  constraints  state  that,  for  every  source  arc  to  a  Wall-iV/  cell  node,  at 
least  two  or  more  other  source  arcs  have  to  carry  the  same  amount  of  flow  into  at 
least  two  first-order  “neighbors”  of  the  Wall-M  cell  node. 
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Figure  35.  CELLB0RDER2B;  Allocation  Results  From  Run  Number  3. 

Implementing  this  change  in  the  network  and  running  the  problem  again  for 
the  official  third  run  yields  the  allocation  solution  shown  in  Figure  35,  the  partial 
output  files  of  which  are  located  in  Appendix  C.  As  in  Figure  34,  the  circles  represent 
at  least  a  partial  allocation  of  a  cell,  the  degree  of  which  being  the  number  within 
the  circle  (a  4  meaning  totally  allocated). 

The  added  compactness  constraints  applied  to  the  5’-to-Wall-A/  arcs  changed 
the  solution,  but  not  in  the  way  desired.  This  is  due  to  the  fact  that,  like  the 
non-linear  programming  models,  the  Cell-Boider  network  is  not  dealing  strictly  with 
binary  variables,  and,  unfortunately,  the  incorporated  compactness  coristiaints  only 
acquire  the  desired  results  (enforcing  a  minimum  tally  of  first-order  neighbors)  fui 
binary  cases.  (If  the  flow  into  Wall  M  could  be  forced  to  either  0  or  4,  then  the 
constraints  would  be  effective;  what  is  actually  needed  is  flow  that  can  be  considered 
either  on  or  off,  not  partial  or  split). 

What  is  possibly  of  more  interest  now  is  the  fact  that  neighbor  cells  have 
been  apparently  allocated  without  their  shared  connector  nodes  having  flow  through 
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them.  Even  though  the  border  node  parents  of  each  connector  node  do  contribute 
equally,  their  “equal”  contribution  in  some  cases  is  zeio.  One  of  the  premises  of  the 
Cell-Border  network  is  that  if  two  adjacent  cells  are  allocated  to  the  subregion,  the 
flow  through  their  shared  connector  node  must  equal  two,  one  unit  of  flow  for  each 
adjacent  border,  and  it  is  that  flow  that  counts  for  an  internal  row  or  internal  column 
connection.  A  set  of  side  constraints  to  enforce  the  proper  use  of  the  connector  nodes 
was  needed. 

A  constraint  relating  the  flow  into  a  cell  with  the  flow  out  of  its  connector  nodes 
may  at  first  appear  to  be  the  kind  of  constraint  needed  since  at  least  one  connector 
node  would  need  to  be  used;  however,  not  knowing  prior  to  the  allocation  if  the  cell 
is  a  subregion  corner  cell,  perimeter  cell,  or  internal  cell,  it  would  not  be  known  if 
two,  three,  or  even  all  four  connector  nodes  would  need  to  be  used.  A  constraint 
such  as  this  would  result  in  an  inequality  statement  such  as  “the  flow  from  the  sum 
of  a  cell’s  connector  nodes  must  be  greater  than  4”  (implying  that  2  connector  nodes 
at  a  minimum  need  to  be  used  for  every  allocated  cell),  when  what  would  be  more 
useful  and  help  drive  the  flows  to  the  integer  values  desired  would  be  an  equality 
constraint  specifying  the  exact  flow  through  connector  nodes  based  on  the  neighbors 
of  the  cells  (the  exact  number  of  connector  nodes  needed). 

It  seemed  at  first  that  this  second,  equality  connector-node  constraint  could 
be  accomplished  via  a  set  of  side  constraints  relating  each  connector  node  to  its  two 
parent  cells  rather  than  each  cell  to  all  its  possible  connector  nodes.  The  constraint 
that  could  be  applied  to  each  connector  node  would  be  one  that  stated  that  the 
flow  out  of  each  connector  node  must  equal  one-fourth  the  flow  into  its  two  parent 
cells;  specifically,  4  times  the  flow  out  of  each  connector  node  must  equal  the  flow 
into  the  connector  node’s  two  parent  cells.  Unfortunately,  it  is  desired  to  apply  this 
constraint  only  to  those  cells  actually  allocated  as  neighbors,  a  delineation  of  which 
cannot  be  made.  The  reason  why  this  constraint  cannot  be  used  is  that  all  side 
constraints  must  apply  to,  and  be  true  for,  all  their  respective  arc  variables  whether 
the  cells  are  allocated  with  neighbors  or  not.  Specifically,  a  cell  can  be  allocated  and 
have  only  one  neighbor.  Attempting  to  apply  a  constraint  stating  that  the  flow  oi.o 
of  every  connector  must  equal  one-fourth  the  flow  into  the  connector  node’s  parents 
would  fail  for  the  allocated  cell’s  three  perimeter  borders  with  no  neighbor. 

Because  of  this  restriction  for  what  appeared  at  first  to  be  the  more  encompass¬ 
ing  equality  “relate  Wall-iV/-to-Wall-C  ”  constraint,  the  original  inequality  “relate 
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Figure  36.  CELLB0RDER2B:  Allocation  Results  From  Run  Numbers  4  and  5. 

Wall-M-to-Wall-C”  constraint  (stating  that  at  lecist  two  connector  nodes  must  be 
used  for  every  allocated  cell-side  constraint  set  number  four)  was  applied,  once  with 
the  first  two  sets  of  side  constraints  (run  4),  and  once  with  all  three  of  the  other  sets 
of  side  constraints  (run  5).  Both  runs  (4  and  5)  obtained  the  same  cell  allocation 
solution  as  run  number  3.  Only  the  partial  output  file  of  run  number  5  is  located  in 
Appendix  C. 

4.5  Version  2  of  The  Cell-Border  Network  Formulation  of  the  Single  Subregion 

Allocation  Problem 

Having  been  unsuccessful  at  solving  problem  CELLB0RDER2B  even  after 
logically  deriving  and  applying  several  different  sets  of  con.^traints,  the  true  nature 
of  the  major  underlying  -oblem  beca-  aooarent.  The  two  parts  of  the  underlying 
problem  are  1)  it  is  not  possible  to  force  iv-ur  units  of  flow  (versus  three,  two,  or  one) 
from  the  source  into  any  Wall-M  node,  and  2)  it  is  not  possible  to  keep  flow  from 
splitting  (.25,  .5,  .75)  at  any  node  where  two  or  more  arcs  depart  (so  even  when  four 
units  of  flow  do  get  passed  through  to  Wall  M,  it  is  not  possible  to  keep  the  flow 
from  splitting  between  B-to-C  arcs  and  B-to-DE  arcs  further  in  the  network). 

Both  of  these  problems  are  due  to  the  fact  that  one  cannot  specify  in  the 
SAS  files  that  an  integral  solution  is  required.  One  small  example  will  illustrate  the 
different  ways  in  which  a  constraint  is  met  in  an  ideal  network  package  which  does 
enforce  integrality  flow  versus  a  network  package  which  does  not  (SAS).  Assume  the 
Cell-Border  network  model  solves  a  problem  and  determines  that  some  of  the  cells 
should  receive  a  flow  of  three  units  and  that  those  three  units  of  flow  pass  through 
Wall  B  using  only  three  border  nodes  of  the  cell,  each  passing  along  one  unit  of 
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flow.  Set-two  side  constraints  state  that  the  flow  through  all  borders  of  a  cell  must 
be  the  same.  A  network  package  which  enforces  integral  flows  has  only  two  choices: 
increase  the  flow  into  the  cell  to  four  units,  and  thus  every  border  carries  a  flow  of 
one,  or  remove  all  flow  from  the  cell.  SAS,  on  the  other  hand,  has  a  wide  selection 
of  constraint-meeting  options,  the  most  popular  of  which  (based  on  the  example 
problem  sohitions  obtained  in  this  research)  is  to  split  the  three  units  of  flow  equally 
among  the  four  borders  by  passing  three-fourths  of  a  unit  of  flow  through  each  border 
node;  thus,  constraint  after  constraint  can  be  met  without  acquiring  a  proper  cell 
allocation  solution;  and,  in  some  cases,  as  more  integral-flow-enforcing  constraints 
are  added,  the  solution  actually  degenerates  further  (the  example  above  in  which 
the  one  unit  of  flow  on  each  of  three  borders  degenerates  into  the  three-fourths  of  a 
unit  of  flow  on  each  of  four  borders  is  a  good  illustration). 

Realizing  that  nothing  could  change  the  inherent  solution  algorithms  used  by 
the  SAS  networks-with-side-constraints  package,  Version  2  of  the  Cell-Border  net¬ 
work  formulation  was  created  in  the  hopes  of  at  least  discouraging  many  of  the 
so-called  constraint-meeting  options  available  to  SAS. 

The  purpose  of  the  first  change  was  to  address  part  one  of  the  underlying 
problem:  the  failure  to  obtain  a  flow  of  four  units  into  allocal  ed  cells.  Realizing 
that  four  units  of  flow  per  allocated  cell  do  in  fact  exist,  but  that  one  or  two  units 
may  pass  through  other,  nearby  cells,  it  was  decided  to  increase  the  flow  into  Wall 
M  (from  the  source)  from  four  units  of  flow  per  desired  '’.ubregion  cell  to  four  units 
of  flow  per  matrix  cell.  With  4n  units  of  flow  being  supplied  by  the  source,  and 
one  of  the  n  arcs  of  capacity  entering  each  cell  node  of  Wall  M,  the  network  has  no 
alternative  but  to  allocate  exactly  four  units  of  flow  to  every  cell.  Flow  cannot  be 
removed  from  a  potential  subregion  cell  and  sent  through  some  other  cell  because 
no  other  cells  have  any  capacity  left  over.  Four  units  of  flow  into  each  allocated  cell 
is  now  assured,  as  well  as  unit  flows  into  each  cell  border.  A  fourth  destination  node 
(Node  DN)  was  added  in  order  to  have  a  sink  for  all  the  extra  flow.  The  demand  for 
Node  DN  is  ecjual  to  the  total  number  of  iioii-allocated  cell  borders.  This  first  major 
change  of  the  Cell-Border  network  formulation  can  be  summed  up  in  one  sentence: 
every  border  of  every  matrix  cell  will  be  accounted  for. 

It  should  be  noted  that  the  set-two  side  constraints  (every  Wall-iVI-to-Wall- 
B  arc  of  an  allocated  cell  must  carry  equal  flow)  are  unnecessary  in  the  Version  2 
formulation  since  every  cell  border  has  no  choice  but  to  carry  a  flow  of  one  unit. 
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Because  every  cell  does  have  four  units  of  flow,  set-tliree  side  constraints  (minimum 
of  two  neighbors)  are  also  unnecessary,  and  set-four  side  constraints  (cells  wdth  flow 
must  have  flow  on  at  least  two  connectors)  are  not  possible.  However,  the  set-two 
side  constraints  are  replaced  with  a  new  fifth  set  of  side  constraints  stating  that,  for 
each  cell,  every  Wall-5-to-Destination-Z)iV  arc  must  be  the  same  (i.e.,  in  order  for  a 
cell  to  be  counted  as  a  “non-allocated”  cell,  everj'  one  of  its  four  borders  must  carry 
the  cell’s  flow  to  the  DN  destination). 
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Figure  37.  CELLB0RDER2B:  Allocation  Results  From  Run  Number  6. 

Problem  CELLB0RDER2B  was  attempted  again  (run  number  6)  incorporat¬ 
ing  the  Version  2  changes  and  including  the  set-one  side  constraints  (see  the  input 
listing  in  Appendix  C).  The  allocation  results  ore  shown  in  Figure  37,  where  circles 
represent  at  least  a  partial  allocation  of  the  cell  based  on  the  sum  of  that  cell’s 
flow's  to  the  external  subregion  border  destination  {DE)  and  the  internal  border 
destinations  {DIR  and  DIG).  The  partial  output  files  are  included  in  Appendix  C. 
The  solution  remained  unchanged,  unfortunately.  Since  the  splitting  of  flows  from 
the  border  nodes  could  not  be  prevented  through  the  network  construction  it.self, 
a  means  of  relating  those  arcs  leading  away  from  the  border  nodes  to  one  another 
seemed  necessary. 

As  the  Cell-Border  network  stands  now,  there  is  no  distinction  made  between 
a  non-allocated  border  and  any  other  non-allocated  border  (in  Version  2);  there  is 
also  no  distinction  made  between  an  allocated  subregion  border  that  is  a  peiimetcr 
border  and  one  that  is  an  internal  connecting  border  (in  cither  \  crsioii  1  or  Version 
2).  The  second  major  change  of  Version  2  of  the  Cell-Border  network  attempts  to  try 
to  relate  non-allocated  cell  borders  to  allocated  perimeter  cell  borders  to  allocated 
internal  connecting  cell  borders.  The  relationship  between  the  three  classifications  of 


borders  and  the  objectives  they  are  attempting  to  meet  are  as  follows:  it  is  better  to 
allocate  cheaper  borders  (cells)  than  more  expensive  bc’^dcrs  (to  minimize  cost);  it 
is  better  to  “non-allocate”  expensive  borders  (cells)  than  cheaper  borders  (again,  to 
minimize  cost);  it  is  better  to  connect  as  many  allocated  borders  as  possible  than  to 
have  many  perimeter  borders  (increase  compactness);  and,  finally,  it  is  better  that 
the  more  expensive  allocated  cells  have  the  most  connections:  a  fourth  objective 
that  can  be  added  to  the  basic  subregion  allocation  problem  (a  sideline  objective 
dealing  with  the  distribution  of  the  cost  within  the  allocated  subregion:  if  one  were 
allocating  population  cells,  he  would  want  the  bulk  of  the  population  m  the  middle 
of  the  subregion  as  opposed  to  the  perimeter  of  the  subregion  so  as  to  minimize  the 
future  costs  of  laying  cables,  building  water  pipes,  constructing  roads,  and  collecting 
garbage,  for  example).  The  two  main  underlying  constraints  that  must  be  maintained 
when  assessing  the  new  arc  costs  are  that  1)  at  no  point,  should  the  allocation  of 
an  expensive  cell  cost  less  than  the  allocation  of  a  cheaper  cell,  and  2)  at  no  point 
should  the  allocation  of  any  cell  be  cheaper  than  not  allocating  that  cell. 

To  meet  these  border-relationship  standards,  the  cost  assessment  of  the  net¬ 
work  in  both  the  areas  of  allocation  and  non-allocation  will  be  changed.  Allocation 
costs  will  now  be  assessed  as  follows:  the  basic  cost  of  cell  allocation  will  be  assessed 
on  the  Wall-iV/-to-Wall-j5  arcs;  no  cost  will  be  assessed  on  the  VVall-j5-to-Node-J9J? 
arcs;  finally,  to  “’•eward”  cell  connections,  the  Wall-j5-to-Wall-C  arcs  will  all  have  a 
“cost”  of  -1.  All  example  of  all  possible  allocation  methods  for  a  cell  of  cost  10  is 
shown  in  Figure  38;  note  that  the  first  main  underlying  constraint,  that  a  ceil  which 
costs  less  than  some  other  cell  must  always  cost  less  than  the  other  cell  regardless  of 
how  either  is  allocated,  is  met  (the  least  expensive  way  to  allocate  a  cell  of  cost  10 
is  still  costlier  than  the  most  expensive  way  to  allocate  a  cell  of  cost  9). 

Non-allocation  costs,  the  negative  value  of  twice  the  original  cell  cost,  shall  be 
assessed  on  the  Wall-jB-to-Node-/?A'  arcs  in  order  to  reflect  the  cells’  relative  values 
as  far  as  not  allocating  them  is  concerned  (it  being  more  desirable  to  not  allocate 
expensive  cells  rather  than  to  not  allocate  cheap  cells,  and,  if  at  all  possible,  to  not 
allocate  any  cells).  Figure  39  illustrates  how  the  non  allocation  costs  arc  assessed  in 
Version  2  of  the  Cell-Border  network. 

The  additional  objective  mentioned  previously,  centralizing  cost  distribution 
(that  more  cx!)ensive  cells  be  located  near  the  center  of  the  subregion  rather  t’’an 
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Possible  methods  of  allocating  a  cell  of  cost  10 
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Figure  38.  Allocation  Cost  Asses.sinent  of  the  Cell- Border  N'etwork  Version  2. 
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Figure  40.  The  Cell-Border  Single  Optimum  vs.  the  B&'AV  Multiple  Optimum 
Solutions. 
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at  the  perimeter),  is  one  way  in  which  Version  2  of  the  Cell-Border  network  for¬ 
mulation  theorelicalbj  exceeds  the  capabilities  of  the  B&W  models.  The  benefit  is 
theoretical  since  actual,  thorough,  experimenation  without  tedious  arc-setting  is  im¬ 
possible  without  using  a  network  package  which  can  restrict  flows  on  arcs  to  integer 
values.  Never-the-less,  the  example  shown  in  Figure  40  illustrates  how  the  new  allo¬ 
cation  arc-cost  assessments  of  the  Version  2  Cell-Border  Network  would  distinguish 
between  the  multiple  optimum  solutions  of  the  B&W  model  to  actually  acquire, 
not  only  in  term.s  of  the  area  and  compactness  objectives,  but  also  in  terms  of  the 
distribution-of-cost  objective,  the  single  optimum  solution. 
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Figure  41.  CELLBORDER2B:  Allocation  Results  From  Run  Number  7. 
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Figure  42.  CELLBORDER2B;  Allocation  Results  From  Run  Number  8. 

These  two  new  cost  Jissc,ssmcnt  concepts  were  applied  to  problem  CELLBOR- 
DER2B  using  both  the  Version  1  and  Version  2  Cell- Border  network  formulation.s 
(sec  the  partial  input  fil&s  in  Appendix  C  showing  the  change  in  arc  co.sts).  'I'hc 
Version  1  allocation  solution  is  shown  in  Figure  11  and  the  Version-2  allocation  .solu¬ 
tion  i.s  shown  in  Figure  12.  What  can  be  derived  from  the  allocation  rwulLs  of  these 


two  inns  is  that  nothing  of  significance  has  changed  by  adding  artificial  costs  to  the 
arcs  in  order  to  try  to  enforce  total  allocation  of  cells  (thus  the  reason  for  including 
only  their  partial  .log  output  files  in  Appendix  C  and  not  their  .lis  output  files). 

One  other  cost  assessment  scheme  seemed  worth  attempting.  Perhaps  the  cost 
of  not  allocating  cells  and  their  borders  should  be  more  than  the  cost  of  allocating 
them.  Even  though  it  is  true  that  in  the  physical  world,  not  allocating  cells  should 
not  cost  anything,  it  should  be  remembered  that  one  of  the  original  obj<;ctives  is 
to  maximize  area;  therefore,  it  would  seem  logical  that  the  non-allocation  artificial 
costs  should  penalize  not  allocating  cells.  The  non-allocated  cells,  however,  would 
still  need  to  maintain  their  relative  non-allocation  worths:  not  allocating  a  cell  of 
cost  ten  is  better  than  not  allocating  a  cell  of  cost  one.  The  arc  costs  of  the  \¥all-.6- 
to-Node-jDiV  arcs  should,  therefore,  be  the  results  of  subtracting  the  cell  cost  from 
some  "’•e-determined  value. 

because  all  the  cell  costs  in  the  example  problem  were  single  digits,  it  was 
decided  that  the  non-allocation  arc  costs  should  be  the  difference  between  the  number 
100  and  twice  the  original  cell  cost  (see  Figure  43  for  an  example);  not  allocating 
is  penalized,  and  not  allocat’ng  cheap  cells  is  penalized  more  than  not  allocating 
expensive  cells. 

The  allocation  results  of  tliis  new  non-allocation  cost  assessment,  based  on 
the  sum  of  a  cell’s  flows  to  either  Destination  DE  or  *  »  a  connector  node  in  Wall 
C,  is  shown  in  Figure  44.  The  partial  input  file  and  .log  output  file  are  located  in 
Appendix  C.  Even  though  the  solution  has  changed,  no  real  allocation  improvement 
has  resulted.  Since  no  further  progress  can  be  made  on  these  relatively  simple  single 
subregion  allocation  problems,  no  attempts  will  be  made  to  solve  larger  problems  or 
multiple  subregion  problems. 

4-6  Determining  the  Most  Compact  Subregion 

Since  the  subregion  allocation  pioMcm  is,  in  its  mo.st  basic  .sense,  a  multi- 
criteria  optimization  problem  (1:5-7),  (minimizing  the  cost,  maximizing  the  area, 
minimizing  the  perimeter,  and  the  po.ssiblc  additional  objective  of  centralizing  the 
cost  distribution)  a  method  of  running  the  network  program  without  having  to  spec 
ify  the  shape  and  orientation  of  the  desired  subregion  .seemed  in  order.  As  the 
Cell-Border  network  formulation  stood  at  this  point,  the  user  was  required  to  input 
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Figure  43.  Final  Non-Allocation  Cost  .As.sc.ssment  Example. 
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lire  44.  CELLB0RDER2B:  .Allocation  Results  From  Run  Number  0. 


not  only  the  desired  subregion  area,  but  also  its  height  and  width,  restricting  the 
program’s  use  to  finding  only  rectangular  subregions  which  were  oriented  in  a  certain 
fiishion  (i.e.,  2  x  3  versus  3  x  2).  The  user  could  not  simply  find  the  minimum  costing 
subregion  of  size  13,  for  instance. 

Realizing  that  compactness  is  a  property  of  the  perimeter  length  of  the  sub- 
j  region  (4)  as  well  as  a  property  of  the  subregion  internal  border  connections  (in 

the  Cell-Border  network  formulation)^  a  means  of  determining  the  most  compact 
:  subregion  of  a  given  area  in  terms  only  of  the  number  of  perimeter  borders  and 

I  internal  connector  borders  was  developed  and  implemented  in  the  Cell-Border  net- 

I 

I  work.  With  the  exception  of  those  subregions  which  are  able  to  be  contained  in  a 

j  square  (obviously  the  most  compact  subregion  shape)  no  specific  shape  or  orientation 

!  restrictions  are  applied  to  the  subregion  unless  the  user  so  chooses.  Also,  with  no 

j  user  input,  the  two  Cell-Border  network  destination  nodes  used  to  tally  internal  row 

I  border  connections  and  internal  column  border  connections.  Nodes  DIR  and  DIC-, 

are  replaced  with  one  node,  DI,  used  to  tally  all  the  internal  border  connections 
with  no  restrictions  placed  on  whether  the  connections  are  within  rows  or  columns 
(thus,  no  orientation  restrictions). 

B 

a 

I  The  method  used  to  determine  the  most  compact  way  to  allocate  the  borders 

j  of  a  subregion  is  as  follows  (the  specifics  can  be  found  in  the  program  listing  of  the 

’  “cellborder”  Pascal  program  in  Appendix  C): 

i 

f 

1  •  beginning  with  a  1x1  artificial  subregion,  alternately  increase  the  row  value 

■  and  the  column  value  until  the  area  is  equal  to  or  greater  than  the  area  of  the 

.  desired  subregion; 

■  •  if  the  artificial  subregion  area  exceeds  the  desired  subregion  area,  decrease 

the  area  of  the  artificial  subregion  by  decreasing  the  row  or  column  value 
'  (whichever  is  greater)  by  one  (the  cells  making  up  the  difference  between  the 

'  desired  subregion  area  and  the  artificial  subregion  area  are  considered  “left- 

i  over”  cells  for  now; 

'  •  determine  the  number  of  perimeter  borders  and  internally  connected  borders 

for  this  rectangular,  possibly  smaller-than-desired,  embedded,  artificial  subre¬ 
gion; 

•  take  the  left-over  cells  which  collectively  can  all  fit  along  one  side  of  the  smaller 
artificial  subregion  (by  virtue  of  the  fact  that  the  desired  subregion  area  was 
exceeded  in  the  first  step)  and  determine  the  number  of  perimeter  borders 
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and  internally  connected  borders  which  would  be  needed  to  add  them  to  the 
artificial  subregion  rectangle; 

•  the  value  of  the  perimeter  counter  now  holds  the  smallest  perimeter  the  desired 
subregion  area  can  fit  into,  and  the  value  in  the  internal  connector  counter  now 
holds  the  maximum  number  of  connectors  possible  within  the  given  perimeter. 


All  subregions  have  perimeter  equal  to  12 
and  internal  connector  borders  equal  to  16. 


2x3  variations 


3x2  variations 


Figure  45.  Size-7  Subregions  Possible  When  Shape  Constraints  Are  Not  Specified. 

Figure  45  illustrates  the  difi'erent  ways  cells  can  be  allocated  to  a  subregion 
of  size  7  when  maximum  compactness  is  desired.  Objectively,  in  terms  of  border 
connections  and  perimeter  lengths,  the  compactness  is  identical  (and  maximum)  for 
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all;  the  allocation  schemes  shown  in  Figure  45;  subjectively,  some  schemes  may  be 
considered  “more”  compact  than  others.  The  program  is  free  to  determine  the  min¬ 
imum  costing  subregion  of  the  desired  area  without  having  to  meet  fixed,  unyielding 
requirements  oil  the  subregion’s  shape  and  orientation. 

Because  of  this  relaxing  of  the  compactness  constraint,  a  more  multi-criteria 
appro? ch  to  the  solution  can  be  made  in  a  single  model  run  than  was  previously 
possible  in  just  one  run.  The  only  input  required  would  be  the  area  of  the  desired 
subregion;  it  is  assumed  that  maximum  compactness  (in  terms  of  perimeter  length 
and  internal  border  connections)  is  desired.  No  setting  of  shape  or  orientation  is 
needed.  In-  this  way,  several  minimum-costing,  most  compact  subregions  of  various 
shapes  and  orientations  could  be  extracted  from  the  input  cost  data  and  compared 
as  far  as  compactness  and  cost  are  concerned.  The  many  different  orientations  of 
a  subregion  with  the  same  area,  perimeter,  and  internal  connections  can  represent 
the  efficient  frontier  of  solutions  with  the  only  variable  remaining  to  be  determined 
being  that  of  shape  and  orientation. 
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Figure  46.  CELLB0RDER2B:  Rounded-off  Allocation  Results  From  Run  Number 

10. 


Problem  CELLBORDER2B  was  run  one  more  time  using  this  new,  unre¬ 
stricted  compactness  formulation  of  the  Cell-Border  network  in  conjunction  with 
Version-1  constraints  (see  the  partial  input  listing  in  Appendix  C).  Again,  the  de¬ 
sired  results  were  not  obtained  due  to  the  inability  to  maintain  integral  flows  from 
the  border  nodes.  The  allocation  results  are  shown  in  Figure  46,  and  the  partial 
output  files  are  located  in  Appendix  C. 
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4- 7  Conclusions 

Any  network  formulation  of  the  subregion  allocation  problem  will  have  to  derive 
integer  flow  solutions  for  there  to  be  any  improvements  over  the  binary  programming 
models  in  terms  of  faster  solving  speed,  smaller  problem  complexity,  and  the  ability 
to  solve  larger  problems.  If  the  split^flow  problem  could  be  overcome,  then  the  Cell- 
Border  network,  which  takes  into  account  not  only  the  data  matrix  cells  but  also  the 
subregion  perimeter  and  internal  border  connections,  offers  the  fastest,  most  robust 
method  of  solving  the  subregion  allocation  problem.  Larger  problems  could  then 
be  addressed:  with  a  much  more  rigorous  exploration  into  the  multi-criteria  feasible 
region  than  is  possible  with  the  binary  programming  models. 
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¥.  Pixel  Subregion  Allocation:  The  Use  of  Subregion  Allocation 
Concepts  Towards  Image  Analysis 

5.1  Purpose 

Given  that  a  person  wants  to  analyze  and  model  spatial-temporal  information 
concerning  a  subregion  of  interest  from  satellite  imagery,  he  must  have  the  means 
with  which  to  extract  the  spatial  characteristics  of  that  subregion  from  image  to 
irnage  over4ime  in;a  consistent  manner.  It  should  be  evident  that  when  segmenting  a 
sMellite  irpage  into  its  natural  subregions  such  as  water^  forest,  farmland,  and  tundra, 
thcishape  and  size  of  the  subregions  would  not  be  known  beforehand  (assuming,  of 
course,  that  spatial  changes  have  taken  place  since  the  last  segmentation).  There 
wilIiexist,4iowever,  an  inherent  spatial  and  spectral  relationship  between  the  pixels 
of' any  given  subregion.  A  program  which  would  allow  a  user  to  specify  a  spectral 
;range  of  interest  for  a  particular  satellite  image  and  then  allow  him  to  specify  levels 
ofrcompactness  and  contiguity  for  any  subregions  whose  pixels  may  lie  within  that 
spectral  range  would  be  most  useful  for  those  individuals  attempting  to  perform 
spatial-temppral.analysis.  As  an  analogy,  if  one  wanted  to  shoot  someone,  he  would 
not.aim  at  the  arms  or  legs,  but  rather  at  the  chest  (unless,  of  course,  only  injuring 
tlieiindividual  were  the  goal).  A  program  which  could  find  the  “torso”  of  subregions 
and-  disregmd  any  appendages  if  so  desired  would  be  useful  to  the  spatial- temporal 
modellers.  The  subregion  appendages  might  be  indicative  of  small-scale,  or  short¬ 
term,  trends  such  as  reefs  appearing  around  an  island  during  low-tide. 

This  study  illustrates  the  initial  concepts  of  just  such  an  approach  for  two 
different  data  files:  1)  a  single  subregion  contained  within  a  12-pixcl  by  12-pixcl 
“pseudo-image”  (i.e.,  the  data  is  not  from  actual  image  data),  and  2)  a  portion 
(20;  X  20)  of  SPOT  satellite  imagery  which  has  been  pre-processed  as  mentioned 
in  Chapter  II.  The  General  Algebraic  Modeling  System  (GAMS)  linear  and  non¬ 
linear  programming  package  using  the  zero-one  optimization  option  (ZOOM)  within 
a  yAX/VMS  environment  is  used  to  solve  the  subregion  allocation  problems  which 
make  up  the  heart  of  this  Pixel  Subregion  .Mlocation  (PSA)  study.  Interaction  be¬ 
tween  the  user,  the  GAMS  files,  and  the  data  files  are  accomplished  via  two  pascal 
programs,  SUBNETS. PAS  and  SOLUTION. P.AS,  and  a  VAX/VMS  system  program, 
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5MA®|NG!i)0M^ 'Copi^  of  the  two  new  programs,  IMAGING.COM  and  SOLU- 
$I0N?PAS^.  as  well  as  partial  copies  of  the  screen  output  of  the  model  runs  and 
(GA;J^;input  andsoutput  files  are  included  in  Appendix  D. 

$.2  The  G'AMSiSingle  Subregion  Allocation  Model 

iRathef  than  focus  on  segmenting  an  existing  image,  this  subregion  allocation 
iHiodellwill  work  from  the  premise  that  a  completely  empty  “solution  image”  of  the 
:same  size  (same  number  of  pixels)  as  the  original  image  exists,  and  that  at  the 
tcpnclusionidf  theunodel  run,  only  those  pixels  of  the  solution  image  corresponding 
•to  theispectral  aiicl  spatial  requirements  of  the  user  will  be  “transferred.” 

(Giveman  iniage  ofim  rows  and  h  columns,  the  binary  variable  i  €  {1 , .  • . ,  rn} , 
J;  €  ;{d, . . .  ,  n}  will  be  used  to  represent  the  pixels.  Xij  will  equal  1  if  the  solution 
iimageipixeliy- corresponds  to'a  subregiompixel  from  the  original  image,  and  0  if  not. 

Since  the  subregion  allocation  model  is  conceptually  attempting  to  fill  an  empty 
ifplutign:  im|ge  with  the  appropriate  subregion  pixels  frorti  the  original  image,  the 
lOvefqlT  objCctivenls  to  maxiinize  the  number  of  pixels  transferred  from  the  origin^ 
uniage;-  This rdbjective  corresponds  to  maximizing  area;  thus,  Equation  133  (1:5)  is 
itlie  ovefalLqbjective, 


m  n 

UsxZ  =  Y,Y^Xij  (133) 

/=i  j=i 

To  prevent  the  model  from  transferring  every  pixel  from  the  original  image 
unto  the  solution  image,  objectives  repjesenting  spatial  requirements  of  the  user  will 
!be  applied.  Only  the  candidate  pixels  (those  lying  within  the  grey  value  range  of 
iinterest  and-denoted  with  a  1)  will  be  subjected  to  the  spatial  constraints;  therefore, 
icveryipixel  of  the  working  image  whose  cost  is  not  equal  to  1  will  have  its  x,j  set 
lO.  Of  the  remainingxandidatc  pixels,  one  of  four  possible  spatial  constraints  based 
•on  the  values  of  the  variables  of  the  pixel’s  neighbors  can  be  applied. 

It  is  necessary  at  this  point  to  define  what  is  meant  by  the  terms  “subre- 
tgion”  and  “neighbor.”  Even  though  the  underlying  model  for  this  PSA  study  is  the 
Modified  Single  Subregion  Allocation  model  (see  Cliapter  III),  a  “single”  subregion 
•allocation,  in  the  former  sense  of  the  word,  is  not  necessarily  the  goal.  In  this  image 
analysis  study,  a  “single”  subregion  may  well  refer  to  several  difTerciit  non  contiguou.s 
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groupingS;6f  pixelb  within  the  satellite  image.  Each  grouping  meets  the  user’s  spatial 
requirements  within  itself,  and  all  groupings  fall  within  the  user’s  spectral  require¬ 
ments  (thus  the  ‘Single”  subregion  concept  is  based  on  the  fact  that  all  groupings 
beloiig  to -the  same  spectral  class).  'Ehe  term  “neighbor”  means  the  same  for  the 
pixels  of  the  image  as  it  did  for  the  cells  of  a  data  matrix.  First-order  neighbors  of 
a;pixel  are  those'pixels  immediately  above,  below,  to  the  left  of,  and  to  the  right 
of  a  given  pixel,  and  second-order  neighbors  are  those  pixels  immediately  diagonal 
(upper  lefFand  right,  and  lower  left  and  right)  of  a  given  pixel. 

To  ensure  that  the  spatial  requirem.ents  of  the  user  are  met,  the  model  need 
only,-check:to  ensure  that  each  candidate  pixel  has  the  specified  number  and  type  of 
nei|hbor.  The  four  compactness/contiguity  user  options  and  the  GAMS  constraints 
to  meet  those  options  follow  (note  how  the  actual  value  of  the  pixel  itself  is  used  to 
detgrminerconformi  ty) : 

option:  Marginal  compactness/contiguity  requirements 

-  delete  single  pixel  renegades: 

-  (pixels-must  have  at  least  one  1st-  or  2nd-order  neighbor) 

-b  +  •■C(i+i,i+i) 

+  -  ®fi  >  0; 

option:  Low  compactness/contiguity  requirements 

-  pixels  must  have  at  least  one  Ist-order  neighbor 

"k  "b  3:{i+i  j)  +  ~  ^ij  ^  0; 

option:  Medium  compactness/contiguity  requirements 

-  pixels  must  have  at  least  two  total  neighbors 

+  +  •'»;(.■, ;_i)  -  2(.i:.-j)  >  0; 

option:  High  compactness/contiguity  requirements 

-  pixels  mu.st  have  at  least  two  ist-order  neighbors 

-  2(.'cy)  >  0 


(134) 


(135) 


(136) 


(137) 
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where,  for  all  equations  above:  i  g  {2 . 771  -  2} ,  j  €  {2, . . . ,  »i  -  2} 

For  any  PSA  problem,  the  binary  programming  problem  which  is  solved  by 
GA^..S  is  made  up  of  Equation  133  above,  a  constraint  setting  all  non-candidate 
pixels’  Xij  values  to  0,  and  one  of  the  above  compactness/contiguity  constraints. 

5:3  The  Programs  and  Files 

The  IMAGING.COM  program  serves  three  main  functions:  1)  executes  the 
GAMS  input  file  generator  (the  compiled  Pascal  program  SUBNETS.EXE),  2)  ex¬ 
ecutes  GAMS  itself  to  solve  the  subregion  allocation  problem,  and  3)  executes  the 
solution  program  (the  compiled  Pascal  program  SOLUTION.EXE).  Initial  concepts 
on  the  development  of  such  programs  came  from  Burke  (4). 

The  imaging  portion  of  the  SUBNETS.PAS  program  serves  three  main  func¬ 
tions:  1)  queries  the  user  for  specific  image  data  and  for  his  spectral  and  spatial 
requirements,  2)  converts  the  image  file  into  a  working  file  in  which  all  pixels  meet- 
ifig  the  user’s  spectral  requirements  (candidate  pixels)  are  given  a  cost  (grey  value) 
ofTj  and  those  which  do  not  are  given  an  arbitrary  large  cost  (88  in  this  case  for  on¬ 
screen  visual  purposes),  and  3)  creates  the  GAMS  program  file  based  on  the  user’s 
spatial  requirements.  Initial  concepts  on  the  development  of  such  programs  came 
from  Burke  (4). 

The  SOLUTION. PAS  program  serves  one  main  function:  searches  through  the 
GAMS  output  file  LISTING.DAT  (which  is  a  copy  of  the  NSA.LIS  generated  by 
GAMS)  to  automatically  determine  the  GAMS  solution  so  that  the  solution  can  be 
stored  and  displayed  in  a  suitable  format  for  later  use  and  user  comparison. 

The  GAMS  file,  as  has  been  mentioned  earlier,  solves  an  adaptation  of  a  min¬ 
imum  cost,  single  subregion  allocation  problem  (thus  the  need  to  set  all  candidate 
pixels’  costs  to  1  and  all  non-candidate  pixels’  costs  to  88).  There  is  not  one  G.AMS 
file  which  is  called  by  the  IM.AGING.COM  program  (as  is  the  case  with  the  Pascal 
programs);  rather,  a  unique  GAMS  file  must  be  written  each  time  the  PS.A  program 
is  run  so  that  new  data  sets  and  spatial  requirements  can  be  taken  into  account 
(recall  that  the  spectral  requirements  of  the  user  have  already  been  incorporated  by 
virtue  of  the  manner  in  which  the  working  data  file  was  created).  The  G.AMS  pro¬ 
gram’s  effectiveness  relies  on  the  proper  use  of  minimum  cost  subregion  allocation 
concepts  previously  developed  by  Benabdallah  and  Wright  (1)  and  further  modified 
as  discus.sed  in  Chapter  III. 
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iFigure47.  The  Pseudo-Image  Input  Data  and  (Frarhe-icss)  Working  Data. 


5.4  TJie  Example  'Runs 

Usingithe  pseudo-image  data  (Figure  47)  and  the  programs  listed  above,  one 
model  run  . for  eaclFof  the-^compactness/contiguity  options  was  performed  wherein 
pixels  whose  grey  values  lay  between  20  and  30  (inclusive)  were  allocated  to  a  sub- 
regioh  (subject  to  also  meeting  the  spatial  requirements).  Only  partial  input  and 
output  Iiles:.ahd  screen  output  for  the  “Low”  and  “High”  compactness/continuity 
options  are  included  in  Appendix  D.  Solution  images  for  the  “Low”  and  the  “High” 
compactness/continuity  options  are  shown  in  Figure  48.  The  solutions  are  not  a 
■debatable  issue;  suffice  it  to  say  that  the  subregions  were  in  fact  brought  under  more 
and  -more  stringent  contiguity  and  compactness  constraints  as  higher  levels  of  the 
spatial; options  were  chosen;  all  the  while,  tiie  objective  to  maximize  the  subregion's 
area  within  these  spatial  constraints  was  successfully  met. 


5.5  Subregion  Allocation  of  Real  Satellite  Imagery 

Figure  49  shows  the  pixel  grey  values  of  the  real  satellite  imagery  used  in  the 
subregion  allocation  experiment.  The  20x20  matrix  of  pixels  represents  approxirnat 
ley  a  4km  x  4km  area  of  the  SPOT  satellite  image  of  the  Washington,  D.C.  region. 
More  information  on  the  image  can  be  found  in  Chapter  II.  Using  this  data  and  the 
programs  listed  above,  oiie  model  run  for  the  “High”  compactness/contiguity  option 
was  performed  wherein  pixels  whose  grey  values  lay  between  200  and  255  (inclusive) 
were  allocated  to  a  subregion  (subject  to  also  meeting  the  spatial  requirements). 
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Eigure  48.  Pseudo-Image  Solutions  for  Low  and  High  Compactness  Options. 
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Figure  49.  The  Real  Image  Input. 
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Figure  50.  The  Real  Image  (Frame-less)  Working  Data. 
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The  working  data  file  is  shown  in  Figure  50.  The  spectra!  range  was  chosen  .solely  to 
illustrate  the  point  that  any  range  in  any  kind  of  imagery  may  indicate  the  presence 
of  a  paiticular  class  of  terrain  (the  specific  range  of  which  would  be  Known  to  the 
user).  This  e.xample  is  in  no  way  implying  that  there  is  some  specific  terrain  class 
within  the  spectral  range  in  this  imagery.  Appendix  D  contains  a  partial  listing  of 
the  screen  output  and  the  GAMS  output  file. 

The  solution  image  for  the  "High”  compactnes-s/coatinuity  option  Is  siiown  in 
Figure  51.  Had  the  spectral  range  actually  been  the  range  for  a  specific  terrain  class, 
then  it  would  be  evident  that  three  such  areas  are  included  in  the  image. 

5.6  Conclusio7t$ 

The  only  '■‘problem”  (long  c.\'ecution  time)  occurred  with  a  different  input  data 
file  when  attempting  to  find  ”subregions”  (the  word  is  used  loosely)  when  there  \vas 
little  natural  compactness  already  inherent  in  the  image  (trying  to  find  the  patterns 
of  a  random  number  generator  would  be  a  comparable  feat).  This  is  not  actually 
a  problem  of  the  model,  siiicc  the  creation  of  major  subregions  froin  images  where 
none  exist  is  not  the  goal  of  the  program.  Continuing  work  needs  to  be  done  in 
the  areas  of  1)  finding  a  more  suitable  programming  model  with  which  to  apply  the 
subregion  allocation  constraints  (perhaps  a  network  formulation),  and  2)  allowing  for 
compactness  constraints  of  the  allocated  areas  to  be  determined  more  on  asubregioa- 
wide  basis  than  solely  on  a  pi.xcl- by- pixel  basis  in  order  to  decrease  proc<^ing  lime. 

The  example  3pplic.ations  shown  in  this  chapter  arc  in  no  way  meant  to  he 
a  complete  exploration  of  the  feasible  solutions  to  a  subregion  allocation  problem 
of  satellite  imagery.  Referencing  discussions  that  can  be  found  in  Chapters  HI  and 
IV.  a  full  treatment  of  the  multiple  objectives  of  subregion  allocation  can  only  be 
accomplished  through  cither  combining  all  the  objectives  into  one  overall  objective 
statement,  or  (as  was  the  case  with  the  subregion  allocation  inodcKs  previously  iisccl) 
exploring  the  efficient  frontier  of  solutions  that  arc  possible  after  rcslaling  certain 
objectives  as  constr.ainls  and  selling  bounds  on  their  values. 

As  for  the  actual  use  of  the  above  PSA  model,  it  could  serve  as  the  first 
step  in  such  an  efficient  frontier  search.  The  siibrcgioii  dclcrmincfl  through  the 
PS.A  model  (objective:  maximize  area)  could  be  the  baseline  siibrcgion(s)  for  a  full 
iriiplcmcnlation  of  the  subregion  allocation  modeb  (objective;  minimize  cost).  An 
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as  dictated  by  your  spectral  and  spatial  requirements;  those 
denoted  with  88  are  non-subregion  pixels. 


The  subregion  pixels  comprise  a  total  area  of:  70 
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Figure  51.  The  Real  Image  Solution  for  the  High  Compactness/Contiguity  Option. 
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algorithm  could  be  developed  which  assigns  artificial  values  to  the  cells  based  on  their 
spatialerelati6nships-|o  the  PSA-extracted  subregion  in  a  manner  similar  to  the  way 
dh< which* cells  were  assigned*  artificial  values  based  on  their  spectral  relationships  to 
=the  desired  grey-value  range.  The  spatially-based  artificial  cost  assignments  would, 
pftcourse,  be  more  complex  than  the  simpler  spectrally-based  cost  assignments  used 
iiiithe  PSA  rriodel.  The  “I’s”,  previously  used  to  represent  cells  meeting  the  spectral 
requirements  of  the  user,  could  now  represent  those  cells  comprising  a  spatially 
contiguous  and; compact  subregion.  Additional  values  (2,  3,  ...)  could  be  eissigned 
:tp:the  femaining  pixels  based  on  their  spatial  relationships  to  the  subregion  of  I’s. 
In;  this  way,  the  subregion  allocation  programs  (based  on  the  overall  objective  of 
minimizing  cost)  could  be  run  on  this  data  of  cells  whose  costs  are  1,  2,  3,  . . . , 
and  an  efficient  frontier  of  solutions  could  be  obtained  by  varying  the  desired  size, 
:Pfrimeter,  and;;shape/orientation  of  the  subregions. 
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VI.  Conclusions  and  Recommendations 

(6.1  ‘Subregion  Allocation  Tliroxtgh  Binary  Programming 

It  is  not  possible  to  take  into  account  all  objectives  of  the  subregion  allocation 
'problem  (minirnizing  cost,  maximizing  area,  and  maximizing  compactness  (1:5-6)) 
iin  a  true  multiobjective  treatment  without  using  the  constraints  and  variables  in  the 
iB&W  forrnulation  implemented  via  some  means  such  as  the  Burke  implementation. 
Without  taking  into  account  each  border  of  every  cell,  it  was  determined  that  the 
ibest  ^rmulation- for  the  modified  subregion  allocation  problems  would  still  require 
imore  binary  variables  than  simply  those  representing  the  cells  themselves  (binary 
variables  for  rows  and  columns  as  welt  as  additional  variables  and'  constants  rep- 
iresenting  desired- subregion  sizes).  Even  though  the  example  problems  were  solved 
jquicker  this  way,  it  was  subsequently  determined;  that,  based  on  the  tremendous 
iincre^e  in  branch-and-bound  iterations  required  to  reach  the  solution,  any  savings 
5_iri  computation  time  would  soon  be  overcome  by  further  branch-and-bound  itera- 
stioh  increases  as  larger  problems  were  encountered.  These  experiments  in  variable 
•re- definitions  and  constraint  reductions  of  the  modified  models  indicate  the  overall 
tconciusion  just  mentioned,  that  the  constraints  and  variables  found  in  the  B&W 
^model  are  the  most  appropriate  to  use  in  order  to  fully  treat  the  multiobjective  basis 
ipf  the  subregion  allocation  problem. 

Through  the  experiments,  it  was  learned  that  desired  subregion  allocation  so¬ 
lutions  for  specific  applications  which  may  not  require  a  full  treatment  of  all  the 
•objectives  can  be  achieved  by  using  modified  versions  of  the  B&W  subregion  allo¬ 
cation  formulation  (the  pixels  of  satellite  imagery  of  a  specific  terrain  area  already 
possess  some  measure  of  contiguity  in  an  area-wide  sense,  so  cell-by-cell  compactness 
-and  contiguity  constraints  in  lieu  of  subregion  perimeter  constraints  may  be  suffi¬ 
cient).  In  fact,  for  some  applications,  such  as  the  allocation  of  imagery  pixels  into 
terrain  classes,  a  modified  version  must  be  used  because: 


•  the  objective  of  the  problem  is  not  to  minimize  cost  based  on  fixed  spatial 
requirements  but,  rather,  to  maximize  the  allocation  based  on  a  fixed  cost 
(spectral)  range. 
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•  the  desired  size  and  shape  ohthe  subregion  is  not  known  (precisely)  before  the 
allocation*  has  occurred,  and 

•  several  areas  may  make  up  one  “subregion”  (reference  the  re-definition  of  the 
word  in  Chapter  V),  a  situation  which  lies  somewhere  between  a  B&W  single 
subregioii' problem  (alh areas  belong  to  the  same  spectral  class)  and  a  multiple 
subregion  problem  (each  separate  area  is  not  spatially  contiguous  to  any  other 
area  of  the  subregion). 


6.2  Subregion  Allocation  Through  Networks 

Almost  any  problem  that  can  be  formulated  as  a  network  can  probably  be 
formulated  as  any  of  a  hundred  different  networks  because  each  piece  of  data  and 
each  part  of  the  problem  statement  could  conceptually  be  modelled  cis  nodes,  arcs, 
arc  costs,  flows,  source  supplies,  destination  demands^  or  side  constraints  in  any  of 
several  different  networks  such  as  min-cost,  shortest-path,  max-flow,  or  matching. 
For  the  subregion  allocation  problem,  however,  one  certainty  exists:  because  of  the 
determination  that  cell  borders  do  need  to  be  taken  into  account  to  fully  treat 
the  multiobjective  basis  of  the  problem,  any  network  formulation  of  the  problem 
must  also  take  cell  borders  into  account.  For  this  reason,  the  Cell-border  network- 
with-side-cohstraints  formulation  is  the  only  network  developed  in  this  research  that 
conceptually  possesses  the  ability  to  solve  the  subregion  allocation  problem  in  its 
full,  multiobjective  sense. 

Because  network  formulations  of  problems  are  much  less  complex  than  their 
similar-sized  LP  and  BP  counterparts  (7),  a  network  formulation  of  the  subregion 
allocation  problem  should  be  a  much  quicker  and  more  efficient  way  to  solve  the 
problem  than  the  LP  or  BP  formulation. 


Generally  speaking,  network  problems  are  much  less  complex  than  their  compa¬ 
rable  linear  and  binary  programming  problems,  comparing  on  the  order  of  complexity 


of  n  X 


m  +  n 
in 


\ 


) 


(where  n  is  the  number  of  nodes  and  side  constraints  and  m  is  the 


number  "'f  arcs)  for  networks  versus  mn  x  i 


m  +  n 


(where  m  and  n  are  the  number 


of  equations  and  variables)  for  binary  programming  (7).  Because  the  node-arc  inci¬ 
dence  matrix  of  a  network  is  the  comparable  construction  to  the  equation- variable 
rriatrix  of  linear  and  binary  programming,  the  side  constraints  should  also  count  with 
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the  total  tally  of  nodes  since  they  do  add  to  the  number  of  network  equations  in  the 
nbde-afc  incidence  matrix. 

For  the  ideal  (integer  flows  on  all  arcs  which  have  flow)  Cell-Border  formula¬ 
tion  of  the  subregion  allocation  problem,  the  only  side  constraints  needed  would  be 
those  stating  that  two  adjacent  cell  borders  must  pass  their  one  unit  of  flow  on  to 
their  connector  node  (set  one)  and  those  requiring  that  each  border  of  an  allocated 
cell  contribute  the  same  amount  (set  two).  The  number  of  nodes,  arcs,  and  side 
constraints  for  any  SSA  Cell-Border  network  could  be  determined  from  the  following 
functions  (where  n  is  the  number  of  cells  in  a  rectangular  matrix,  roiu  is  the  number 
of  matrix  rows,  and  col  is  the  number  of  matrix  columns): 

Anodes  =  (#  of  cells)  -f  (^  of  cell  borders)  +  (#  of  connector  nodes)  +  (source 
node)  -{-(destination  nodes) 

#  nodes  =  n  -|-  4n  -f  (2n  —  row  —  col)  -}- 1  -f  3 

=  7n  +  A  —  row  —  col 

#arcs  =  (source  arcs)  -f  (M  to  B  arcs)  -f  (B  to  C  arcs)  +  (B  to  DE  arcs)  + 
(G  to  DIR/C  arcs) 

#  arcs  =  n  +  4n  +  (4n  —  2row  —  2col)  +  4n  -f  (2n  —  row  —  col) 

=  16n  —  drow  —  Zcol 

#side  con.straints  =  #  of  connector  nodes  -}-  3x  (#  cells) 

#  set-one  and  set-two  side  constraints  =  (2n  —  row  —  col)  -1-  3n 

=  5n  —  row  —  col 

The  Burke  implementation  of  the  SSA  problem  would  also  require  a  certain 
number  of  variables  and  equations  based  on  the  following  functions  (where  /,  is  the 
number  of  cells  in  a  rectangular  matrix): 

^variables  =  of  cells)  -1-  2(^  of  cell  borders)  +  (the  objective) 
variables  =  n  -f  (2  x  (4n))  =  9n  -H  1 

inequations  =  (area  eq  +  perimeter  length  eq)  -1-  (total  P  and  N  eqs)  -1-  (cell 
allocation  eqs)  +  (the  objective) 

equations  =  2  -{-  8n  -H  n  -1- 1  =  9n  -f  3 

Using  the  functions  and  the  complexity  relationships  described  above,  a  com¬ 
parison  of  the  complexity  for  the  LP  versus  the  network  SSA  problem  formulations 
can  be  made  for  any  square  cost  matrix  of  size  row  and  col  where  row  x  col  =  n.  The 
following  complexity  value  calculations  only  take  into  account  the  more  significant 
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icoritributors  to  the  relative- complexity  values  {i.e.,  the  smaller  nuinbers  have  been 
ileft;but)> 

Complexity  of  the  BP'formulation: 

( 


(9n  +  3)_(9n  +  1)  x 


(18n  +  4) 

\  <9n  +  3) 

which  can  be  re-written  as  being  roughly  equivalent  to: 


( 


(8In2  ^  36^)- ^ 


\ 


(18n) 

\  (9^) 

Complexity  of  the  Network  formulation: 

(27n)  -h  4  —  (brow)  —  (5col) 
(12n)  -f  4  —  (2row)  —  (2coI) 
which  can  be  re-written  as  being  roughly  equivalent  to: 

(27n)  k 


-|-  4  —  7’gw  —  col)  -}-  ((Sfi)  —  row  —  col)  x 


(12n)  X 


(124  j 


Although  -the  BP  forrnulation  seems  to  be  on  the-  order  of  the  square  of  the 
;comparable  Gell-B'ordef  network  formulation,  it  is  the  combinatorial  portion  of  the 
forrhula  which  carries  the  most  weight  (7).  In  this  light,  the  network  is  more  ;omplex 
thaii  theiBP  counterpart.  It  is  assuined,  however,  that  as  problem  size  increased,  and 
the-, problem  became  one  of  multiple  subregion  allocation  (K  subregions)  instead  of 
single  subregion  allocation,  the  combinatorial  portion  of  the  BP  complexity  function 
would  approach  and  surpass  that  of  the  network  function,  thus  rendering  the  Cell- 
Border  network  formulation  com.plexity  value  at  least  as  small  as  the  square  root 
of  the  complexity  value  of  the  BP  formulation.  It  is  possible  that  the  Cell-Border 
network  ^yould  deal  with  multiple  subregions  in  a  manner  similar  to  the  way  in  which 
therArea-Wall  formulation  dealt  with  multiple  subregions  (same  network,  additional 
destinations).  This  would  result  in  the  following  “on-the-order-of’  (most  significant 
contributor)  changes  to  the  functions  and  complexity  values. 

For  the  Cell-Border  network,  the  only  significant  change  would  be  in  the  num¬ 
ber  of  arcs: 

#arcs  =  (source  arcs)  -}-  (M  to  B  arcs)  -f  (B  to  C  arcs)  +  (B  to  (K)(DF/)  arcs) 
-h  (C  to  (K)(Dm/C)  arcs) 
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#  ares  =  n  +  4'i  +  (4n)  —  2row  —  2col)  +  iKn  +  {K)[2n  —  row  —  col) 

~  9n  -t-  6Kn 

The  BP  formulation  would  incre^e  in  both  the  number  of  variables  and  equa- 

itions: 


^variables  =  (7^  of  (K) (cells)  )  +  2(#  of  (K)(cell  borders)  )  +  (the  objective) 
7^  variables  ~  9Kn 

T^equations  =  (K)(area  +  perimeter  eqs)  +  (total  (K)(P  and  N  eqs)  )  +  (cell 
dlocatiomeqs)  +  (the  objective) 

#  equations  ~  SKn  +  n 

As  an  example,  the  complexity  values  for  a  MSA  problem  where  K  =  5  and 
n-=  100  would  be  as  follows: 


Complexity  of  the  BP  formulation: 

,  -  ^  (  (9Kn  +  SKn  +  n) 

{9Kn){8Kn  +  n)  x 

\  {9Kn) 

which  approximately  equals: 

/ 


(4500)(4100)  X 


8600 

4500 


Complexity  of  the  Cell-Border  Network  formulation: 


(12n)  X 


(12n)  +  (9n  +  6J(n) 
(12n) 


which  approximately  equals: 


(1200)  X 


'  5100  ^ 

^  1200  y 


The  Cell-Border  network  complexity  value,  theoretically,  would  be  many  mag¬ 
nitudes  less  than  the  BP  formulation.  Even  if  sevemt  new  sets  of  side  constraints 
would  be  needed,  it  is  apparent  that  many  hundred  side  constraints  for  the  cxa.n- 
ple  problem  (many  sets  on  the  order  of  7i,  in  general)  could  be  added  without  the 
network  formulation  losing  its  advantage  in  complexity. 
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6^3  The  Multiple  Objectives  of  Subregion  Allocation 

The  B&W  model  will  find  the  minimum  costing  subregion  of  a  specific  rect¬ 
angular  shape,  but  it  will  also  allow  the  user  to  '’.pccify  only  a  subregion  perimeter 
length,  thus  acquiring  the  minimum,  costing  subr.g  .  ,  J  area  M  (and  the  most  com¬ 
pact  if  the  user  specifed  the  perimeter  le}'gth  ‘  -  '%}  without  the  need  to  specify 
ah  exact-subregion  shape  and  <•  rientation.  If  t,;.  is'’.  ,■  a  .bS  the  most  compact  subre¬ 
gion  he  can  get,  however,  he  will  need  to  determir;  what  that  subregion  would  look 
like  and  then  calculate  the  perimeter  length.  Cc,,'-en', rally,  the  Cell-Border  model 
will  do  the  same,  but  without  the  user  having  to  f:._,  '-e  out  a  peiimeter  length.  Built 
in-  to  the  program  are  the  calculation  ,  neressarj  to  determine  the  most  compact 
subregion  of  area  M  (the  only  user  input  required)  based  on  perimeter  length  and 
internal  border  connections;  the  model  c^.  find  the  tninimum  costing,  most  com¬ 
pact  subregion  of  area  M  without  needing  the  user  to  determine  the  perimeter  first. 
Maximizing  compactness  can  be  dealt  with  simultaneously  while  minimizing  cost. 

The  Cell-Border  network  can  also,  conceptually,  distinguish  between  subre¬ 
gions  based  on  co.st  distribution.  Although  not  built  in  to  the  Cell-Border  program, 
anyone  can  alter  the  way  in  which  the  program  arscases  arc  costs,  and  thu^  include 
‘-centralizing  cost  distribution”  as  an  additional  objective  of  subregion  allocation. 

3.4  The  Spatial  Analysis  of  Imagery 

No  network  was  implemented  for  the  task  of  spatial  analysis  of  imagery;  how¬ 
ever,  the  BP  formulations  of  the  subregion  allocation  problem  were  experimented 
with  and  modified  so  as  to  be  able  to  apply  the  basic  subregion  allocation  concepts 
towards  that  goal.  Further  work  should  be  done  to  enhance  the  imaging  program  to 
allow  for  a  more  subregion- wide  treatment  of  compactness  rather  than  the  cell-by- 
cell  treament  currently  employed.  To  note  is  the  fact  that  the  term  “subregion”  used 
in  the  imaging  application  very  probably  refers  to  itiore  than  one  area,  or  clustering, 
of  pixels  of  the  image. 

As  for  the  actual  use  of  the  PSA  model,  it  could  serve  as  the  first  step  in  an 
efficient  frontier  search.  The  subregion  determined  through  the  PSA  model  (objec¬ 
tive:  maximize  area)  could  be  the  baseline  suticgion(.s)  for  a  full  implcmeniaoir.n  of 
the  subregion  allocation  models  (objective:  minimize  cost).  Details  concerning  the 
development  of  an  algorithm  which  could  assign  artificial  values  to  cells  based  on 
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their  spatial  reiationship?  to  the  PSA-extracted  subregion  were  discussed  in  Chap¬ 
ter  It  is  possible  that,  following  the  subregion  extraction  based  on  the  spectral 
range  and  cell-based  spatial  requirements  (the  PSA  model),  a  subregion  allocation, 
min-cost  approach  could  be  applied  to  the  cells  to  acquire  a  full,  mud  i-obje«.tive 
efficient  frontier  of  solutions  leased  on  varying  the  area  and  perimeter  lengths  of  the 
subregions. 

6.5  Final  ■commendations  and  Conclusions 

The  arc-setting  requirement  of  a  branch- and- bound  solution  approach  to  "fix” 
split  flows  (partial  cell  allocations  to  subregions)  needs  to  be  changed.  I .  is  suggested 
that,  rather  than  adding  a  side  constraint  requiring  a  fixed  amount  of  flow  on  an 
arc,  tlie  better  course  of  action  would  be  to  change  the  network  structure  itself. 
The  now  from  th.e  source  (or  previous  wall  of  nodes)  would  be  decreased  by  the 
desired  flow  on  the  arc  to  be  set,  and  the  head-node  of  the  arc  that  would  have  been 
set  would  actually  supply  the  desired  flow  into  the  remainder  of  the  network.  This 
■would  be.a  simple  enough  task  if  the  arcs  to  be  set  originated  at  the  source;  however, 
inore  thought  would  be  required  in  order  to  implement  such  a  structural  change  into 
the  Pascal  programs  to  allow  for  any  arc  in  the  network  to  be  “set”  in  this  way. 
Advantages  would  be  1)  a  reduction  i.  the  number  of  side  constaints  (thus  shorter 
solution  times),  and  2)  the  structural  changes  would  reduce  the  size  of  the  nawork 
(and  thus  the  complexity)  more  and  more  for  each  arc  that  is  set. 

The  most  fundamental  problem  in  the  application  of  the  network  formulation 
was  an  inability  to  maintain  integral  flows  on  arcs  which  had  flow.  The  Area-  Wall 
program  h.  d  to  be  run  again  and  again  to  branch-and-bound  towards  a  solution. 
Even  thou.h  the  Cell-Border  network  complexity  value  would  be  much  less  than 
that  of  the  comparable  BP,  and  many,  many  runs  could  be  made  wiihout  losing  that 
particular  advantage,  the  real-time  ol  ic-running  the  program  over  and  over 
Nvould  be  exceedingly  tiresome.  A  network-with  side-constraints  package  that  could 
maintain  integral  flows  seems  almost  a  necessity. 

Any  network  formulation  of  the  subregion  allocation  problem  will  have  to  derive 
integer  flow  solutions  for  there  to  be  any  improvements  over  the  binary  program¬ 
ming  models  in  terms  of  faster  solving  speed,  smaller  problem  complexity,  and  larger 
problem  size.  If  the  split-flow  problem  could  be  overcome,  then  the  Cell-Border  net¬ 
work,  which  takes  into  account  not  only  the  data  mc,trix  cells  but  also  the  subregion 
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peiinieter  and  internal  border  connections,  offers  the  fastest,  most  robust  method  of 
solving  the  subregion  allocation  problem.  Larger  problems  could  then  be  addressed 
with  a  much  more  rigorous  exploration  into  the  multi-criteria  feasible  region  (in¬ 
cluding  compactness  and  cost  distribution)  than  is  possible  now  with  the  binary 
programming  models. 


Appendix  A.  Instmctions  for  Running  the  Com.puter  Programs 

A  .l  BP  Programs 

A.  1.1  Running  a  GAMS  Program. 

1.  Greate  the  GAMS  input  file  using  whatever  editor  on  whatever  system  you 
choose^ 

2.  Gopy  or  transfer  your  GAMS  input  file  to  the  VAX/VMS  system  under  the 
name  [your  filename]. gms. 

3.  Bogin  to  the  VAX/ VMS  operating  system. 

4.  Issue  the  cornmand;  getgams 
(only  needed  once  per  login). 

5.  Issue  the  command  gams  [your  filename]. 

6.  The  GAMS  solver  will  process  the  input  file. 

(The  window/screen;  you  are  using  will  be  locked  up  while  the  GAMS  solver 
solves  your  problem  (unless  the  problem  is  submitted  via  a  batch  job,  of 
course.) ) 

7.  Whether  a  solution  is  reached  or  not,  the  output  will  be  listed  in  the  file  [your 
filename). lis. 

A. 1.2  The  Burke  Implementation  of  the  B&W  Models. 

1.  Login  to  the  VAX/VMS  operating  system. 

2.  Issue  the  command  getgams 
(only  needed  once  per  login). 

3.  Create  your  input  matrix  (cost  data)  file  under  any  name  you  wish. 

(You  will  be  prompted  for  the  file  name  later.) 

4.  Issue  the  command  @msa,  then 

•  Enter  in  your  input  data  file  name,  when  prompted  for  cost  matrix; 

•  Enter  in  any  name  you  wish  the  GAMS  file  to  use  (“[filcname].gms”  by 
convention),  when  prompted  for  GAMS  file; 

•  Pick  the  solution  model  type  you  wish  to  use,  when  prompted; 

•  Enter  in  the  number  of  input  data  rows  and  columns,  when  prompted; 

•  Enter  in  the  desired  number  of  subregions,  desired  perimeter  length  for 
each,  and  height  and  width  (if  required)  as  you  are  prompted  for  the 
information; 
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•  The  GAMS  solver  will  process  the  input  file. 

(^lie  windpw/screen  you  are  using  will  be  locked  up  while  the  G.A.MS 
solver  solves  your  problemv) 

5.  Whether  a  solution  is  reached:  or  not^  the  output  will  be  listed  in  the  file 
[filenarhej.lis. 

A. 1.3  The  Imaging  Programs. 

1.  Togin  to  the  VA^/VMS  operating  system. 

2.  Create  your  input  matrix  (image  grey-scale  data)  file  under  the  name  “im- 
age.dat”  (it  should  be  a  text  file;  i.e.,  if  you  “type”  or  “more”  it,  it  should  be 
■readable.) 

3.  dssue  the  command  ©imaging. 

?(The  GAMS  input  file  is  automatically  created  under  the  name  “nsa.dat”  and 
•will  la.ter  be  deleted.)  Then, 

•  Enter  in  the  number  of  input  data  rows  and  columns,  when  prompted; 

t  Enter  in  l.(for  Image  Subregion  Determination),  when  prompted  for  your 
program  option; 

•  Enter  in  the  minimum  and  maximum  grey  values  of  the  spectral  range 
you  are  interesteddn,  when  prompted; 

•  Enter  in  the  number  corresponding  to  the  compactness/contiguity  option 
you^'wish,  when  prompted; 

(The  other  compactness/contiguity  options  can  be  selected  by  re-running 
the  program  from  the  start.) 

•  The  GAMS  solver  will  process  the  input  file. 

(The  window/screen  you  arc  using  will  be  locked  up  while  the  GAMS 
solver  solves  your  problem.) 

4.  The  allocation  solution  will  be  visually  displayed  on  the  screen.  A  copy  of 
the  allocation  solution  will  be  stored  in  the  file  “compactim.dat”.  The  ac¬ 
tual  GAMS  output  (which  includes  a  copy  of  the  input  file)  will  be  in  the 
file  “listing.dat”.  Temporary  data  files  used  by  the  program  and  all  but  the 
most  current  version  of  the  “listing.dat”  file  are  deleted.  None  of  the  “com¬ 
pactim.dat”  files  are  deleted,  however,  so  that  if  .several  runs  are  needed,  all 
allocation  solutions  will  be  available. 
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NetworU  Programs 

^2.1:  iRunning  a  SjAS  PfograTh. 

1.  Greateitlie  SA'S  input  file  lising-wliatev#  editor  on  whatever  system  you  choose. 

2;  Gppy  orJtransfer  yOur  SASiinputifile  to  the  VAX/VMS  system  under  the  name 
=[ypur  filenarriej.sas. 

3.  Eggin  to  the  ^AX/®MS  operating  system. 

4.  'Issue  the:  commandipunsas  [filename]; 

5.  ®ress=[RETURN],  when  prompted  for'Uie  VMS  data  file. 

6.  EfessilRETIIRN]  when  pfpmpted  for  the  queue  you  wish  . to  submit  your  pro- 
;gmmitp»if  ypu-Avantito  submit  it  to  tlie  short  SAS-queue^timeljimit:  2  CPU 
minutes).  Ifi^u  want  tpi submit  your  tprogram  to-the  long  S AS  queue  (time 
dimit:'6QtCIW  minutes)^  enter  Bi^andigress- (RETURN). 

®efS AS-solver  williprocess  thedhput  file. 

:(f^heiwindqw'/screeh;.yoUiare  using  wijh  NOTIbe  locked  up  since  the  program 
-h^^beentsubmittedglike  a  batclpjob.) 

;8i  Yo:ufwiUibeiprompted‘omscreent.wheh4he?SAS  job’iias  completeTd.  Whethena 
solutipniis.  reaelied'gl  not,  the  outputwiflibediitecl'inithe  fil^  [youtiilename]  dog 
^d;![y6up;filename]iU3. 

A2:2  IRunniitgjtlic  Area^WaW  Network  Program. 

T.  Eogin  to  the  VAXTVMS  operating;  system ; 

2.  Cres^tG'your  input  niatrix;(cost  data)  file  under  the  name  “image.dat”. 

3.  issue  tlte  command  run  subnets,  then 

•  Enter  in, the  number  of  input  data  rows  and  columns,  when  prompted: 

•  Enter  m  2  (for  Min-Cost  Subregion  Determination),  when  prompted  for 
your  program  option; 

•  Enter  in'the  number  of  subregions  you  wish  to  determine  from  your  input 
data,  wlien  prompted; 

•  Enter  in  'the  desired  area  for  each  of  your  subregions,  in  turn,  when  you 
areprorhpted. 

4;  issue  the  command  run  areawall,  then 

•  Enter  iri-the  number  corresponding  to  the  compactness  option  you  want, 
when  prompted; 
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•  Enter  in  the  number  correspondi’.g  to  your  present  situation  option 


5.  Type  ruhsas  nsa.clat  wlien  the  system  prompt  appears. 

6.  Follow  the  numbered  instructions  on  the  screen  as  needed. 

(They  cover  such  topics  as  re-running  the  program,  setting  arcs,  and  viewing 
the  solution.) 

7.  The  solution  to  the  SAS  program  will  be  contained  in  the  files  ‘'nsa.log”  and 
“nsa.lis”. 

A. 2.3  Running  the  Cell-Border  NcLworh  Program. 

1.  Login  to  the  VAX/VMS  operating  system. 

2.  Create  3'our  input  matrix  (cost  data)  file  under  the  name  “image.dat’’. 

3.  Issue  the  command  run  subnets,  then 

•  Enter  in  the  number  of  input  data  rows  and  columns,  when  prompted; 

•  Enter  in  2  (for  Min-Cost  Subregion  Determination),  when  prompted  for 
your  program  option; 

•  Enter  in  1,  when  prompted  for  the  number  of  subregions  j'ou  wish  to 
determine; 

(Multiple  subregions  arc  not  allowed  in  the  Cell-Border  formulation:) 

•  Enter  in  the  desired  area  for  your  subregion,  when  prompted. 

4.  Issue  the  command  run  cellborder,  then 

•  Read  the  directions  for  option  selecting; 

•  Enter  in  the  mimber(s)  corresponding  to  the  program  oplion(s)  you  want, 
one  at  a  time,  on  separate  lines,  when  prompted. 

(Note  restrictions.) 

5.  Type  runsas  nsa.dat  when  the  sj'stem  prompt  appears. 

6.  Follow  the  numbered  instructions  on  the  screen  as  ncctled. 

(They  cover  such  topics  as  re-running  the  program,  and  viewing  the  solution.) 

7.  The  solution  to  the  SAS  program  will  be  contained  in  the  files  "nsa.log“  and 
“nsa.lis"’. 
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Appendix  B.  Files  for  the  B&W  and  Modified  Subregion  Allocation 

Problems 


P.l  Partial  Output  File  for  Problem  SSAl 


GAMS  2.20  VAX  VMS 

ENERAL  ALGEBRAIC 
OMPILATION 


SETS 

I  /  1*16/ 
K  /  1*1/ 
ALIAS('I,J); 


12-0CT-1991  13:49 
MODELING  SYSTEM 


6  SETS 


8 

/I. (13,4,2,5) 

9 

2. (14,1,3,6) 

10 

3. (15,2,4,7) 

11 

4. (16,3,1,8) 

12 

5. (1,8, 6, 9) 

13 

6. (2,5,7,10) 

14 

7. (3,6,8,11) 

15 

8. (4,7,5,12) 

16 

9.(5,12,10,13) 

17 

10.(6,9,11,14) 

18 

11.(7,10,12,15) 

19 

12.(8,11,9,16) 

20 

13.(9,16,14,1) 

21 

14.(10,13,15,2) 

22 

15.(11,14,16,3) 

23 

16.(12,15,13,4)/ 

24 

25 

PER(I,J)  PERIMETER  1 

26 

/I. (13,4) 

27 

2.(14) 

28 

3.(15) 

29 

4. (16,1) 

30 

5.(8) 

31 

8.(5) 

32 

9.(12) 

33 

12.(9) 

34 

13.(16,1) 

35 

14.(2) 

36 

15.(3) 

37 

16.(13,4)/ 

% 


38 

39  EXCCI.J); 

40 

41  iEXCd.J)  =  ADJCI.J)  -  PERd.J): 

42 

43  ^PARAMETERS 

44  M(k)  CELLS 

45  /  1  2/ 

46 

47  L(K).  BORDERS 

48  /  1  6/ 

49 

50  C(I)  COST  MATRIX 


51 

/  1 

6, 

2 

5, 

3 

3. 

4  4 

52 

.5 

1. 

6 

3. 

7 

2, 

8  2 

5§ 

9 

5,  10 

4. 

11 

1. 

12  3 

54 

13 

2, 

14 

2. 

IS 

3. 

16  1/; 

55 

56^  WARIAB|.|s 

57  Z  Tof AL  COST  OF  ACQUIRED  CELLS 

58  Xd.K) 

59-  Pd.J.K) 

60  Nd.J.K) 

61 

62  •-BI_NARY  VARIABLES  X.P.N;- 

63 

64  -EQUATIONS 

65  OBJ  DEFINE  OBJECTIVE  FUNCTION^ 

66  Cl(k)  CONSTRAINT  FOR  NUMBER  OF  ACQUIRED  CELLS 

67  C2d,l«K5  CONSTRAINT- FOR  ALL  BORDERS 

68  C3(K)  CONSTRAINT  FOR  BORDER  LENGTH 

69  C4d,J,K)  CONSTRAINT  FOR  P&N  MUTUAL  EXCLUSION 

70  C5d,J,K)  CONSTRAINT  FOR  PERIMETER  BORDERS 

71  C6d)  CONSTRAINT  FOR  SUBREGIONS: 

72 

73  OBJ.. 

74  Z  =E=  SUM(d,K),  C(I)*Xd,K)): 

75 

76  C1(K).. 

77  SUMd.Xd.K))  =E=  M(K); 

78 

79  C2d,J.K)  $ADJd,J).. 

80  XCI.K)  -  X(J,K)  -  Pd.J.K)  +  Nd,J,K)  =E=  0; 

81 

82  C3(K).. 

83  SUM(d,J)  $ADJd,J).  PCI.J.K)  +  NCI.J.K))  =E=  2*L(K); 

84 

85  C4d,J,K)  $EXCd,J).. 

86  PCl.J.K)  +  NCI.J.K)  =L=  1; 

87 

88  C5d,J.K)  $PERd,J).. 


?§:  XOi.K)  -  PCI.J.R)  =E=  0; 

90i 

91>  C6(I0n. 

92;  SUM(K,  X(I,K))  =L=  1; 

93 

94  MODEL. SUBREGION  /ALL/; 

95= 

96  OPTIONS  ITERLIM  =  1000000,  RESLIM  =  1000000,  WORK  =  20000 

97 

9%  SOLVE  SUBREGION  USING  MIP  MINIMIZING  Z; 

§9; 

100.  OPTION  MIP=ZOOM: 
lOfc 

idi  DISPLAY  X.L,P.L,N.L: 

103 

mod|l  statistics 

BLO^S  OF  ;EQUATI0NS  7 

;BL0CKS  of  VARIABLES  4 

/NONZERO  elements  '  561 

GENERATION  TIME  = 


:execution  time 

SOLVE 

MODEL  SUBREGION 
TYPE  MIP 
SOLVER  ZOOM 

****  SOLVER  STATUS  1  NORMAL  COMPLETION 

****  MODEL  STATUS  1  OPTIMAL 

***+  OBJECTIVE  VALUE  3.0000 


SINGLE  EQUATIONS  147 
SiNGLE  VARIABLES  145 
DISCRETE  VARIABLES  144 

1 . 100  SECONDS 


1;.730  SECONDS 

SUMMARY 

OBJECTIVE  Z 
DIRECTION  MINIMIZE 
FROM  LINE  98 


RESOURCE  USAGE,  LIMIT  9.790  1000000.000 

ITERATION  COUNT,  LIMIT  592  1000000 

Z  0  0  M  /  X  M  P  -  Version  2.1  Oct  1988 


Courtesy  of  Dr  Roy  E.  Harsten, 

Department  of  Management  Information  Systems, 
University  of  Arizona, 

Tucson  Arizona  85721,  U.S.A. 


No  options  file  found  -  using  defaults. 

Work  space  needed  (estimate)  —  56906  words. 
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‘Work  space  available  —  S6906  words. 

The  branch  and  bound  tree  contained  59  nodes  (max.  20000  nodes). 

Iterations:  Initial  LP  151,  Time:  1.55000 

Heuristic  5,  0.880001 

Branch  and  bound  435,  6.32000 

Final  LP  1,  9.000015E-02 

****  REPORT  SUMMARY  :  0  NONOPT 

0  INFEASIBLE 
0  UNBOUNDED 

102  VARIABLE  X.L 
1 

n  i.oob 

■11  1.000 
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B.2  Input  File  for  Problem  MSAl 


•GAMS  2.20  ^AX  VMS  12-0CT-1991  14:05 
«G  E-N:  E  R  A  L  -4  L  G  E  B  R  A  I  C  MODELING  SYSTEM 
C  0  ,M  P  I  L  A  T  I  0  N: 


2 

3 

4 

5 

6 

7 

8 
9 

lo¬ 

ll 

l2= 

13: 

14: 

15. 

16. 
17 
18. 
19 
20^ 
21 
22 

23 

24 

25 
26. 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 


SETS 

I  /  1*36/ 

K  /  1*2/ 

ALIASd.J); 

SETS' 

ADJ(I,j)  ADJACENCY  MATRIX 

/I. (31,6,2.7) 

2  r  (-32, 1,3,8) 

3.  (33,2,4,9) 

4. (34,3,5,10) 

5. (35,4,6,11) 

6. (36,5,1,12) 

7. (1,12,8,13) 

8.  (2,7,9,14) 

9. (3,8,10,15) 

10. (4,9,11,16) 

11. (6,10,12,17) 

12. (6,11,7,18) 

13'.  (7,18,14,1?) 

14. (8,13,15,20) 

15. (9,14,16,21) 

16. (10,15,17,22) 

17. (11,16,18,23) 

18. (12,17,13,24) 

19. (13,24,20,25) 

20. (14,19,21,26) 

21. (15,20,22,27) 

22. (16,21,23,28) 

23. (17,22,24,29) 

24. (18,23,19,30) 

25. (19,30,26,31) 

26. (20,25,27,32) 

27. (21,26,28,33) 

28. (22,27,29,34) 

29. (23,28,30,35) 

30. (24,29,25,36) 

31. (25,36,32,1) 

32. (26,31,33,2) 

33. (27,32,34,3) 

34. (28,33,35,4) 

35. (29,34,36,5) 

36. (30,35,31,6)/ 


PER(I,J)  PERIMETER  MATRIX 


./I.  (31,6) 

2. (32) 

3. (33) 

4. (34) 

5. (35) 

6.  (36,1) 

7. (12) 

12.  (7) 

13. (18) 

18. (13) 

19. (24) 

24.  (i9) 

25. (30) 

30. (25) 

31. (36,1) 

32. (2) 

33 .  (3) 

34. (4) 

35. (5) 

36. (31,6)/ 

EXC(I,J):. 

=EXC(I:£J);  =  ADJ(I,-J)  -  PER(I,J); 

Parameters 

H(K)  CELLS 
7  19,  2  4/ 

L(K)  BORDERS 

/  1  12,  2  8/ 

C(I)  COST  MATRIX 

/  1  6,  2  5,  3  3,  4  4,  5  3,  6  4 

7  2,  8  5,  9.  1,  10  8,  11  5,  12  3 

13  7,  14  7,  15  3,  16  4,  17  9,  18  2 

19  1,  20  3,  21  2,  22  2,  23  6,  24  5 

25  5,  26  4,  27  5,  28  3,  29  7,  30  6 

31  2,  32  3,  33  4,  34  5,  35  8,  36  9/; 

VARIABLES 

Z  TOTAL  COST  OF  ACQUIRED  CELLS 
X(I,K) 

P(I,J,K) 

N(I,J,K) 


BINARY  VARIABLES  X,P,N; 

EQUATIONS 

OBJ  DEFINE  OBJECTIVE  FUNCTION 

C1(K)  CONSTRAINT  FOR  NUMBER  OF  ACQUIRED  CELLS 


■97  C2(I. j,K)  CONSTRAINT  FOR  ALL  BORDERS 

98  C3(K)  CONSTRAINT  FOR  BORDER  LENGTH 

:99  C4(I,J,K)  CONSTRAINT  FOR  P&N  MUTUAL  EXCLUSION 

100  C5(I,J,K)  CONSTRAINT  FOR  PERIMETER  BORDERS 

101  C6(I)  CONSTRAINT  FOR  SUBREGIONS; 

102 

103  OBJ.. 

104  Z  =E=  SUM((i,K),  C(I)*X(I,K)); 

105 

106  C1(K).. 

107  SUM(I,X(I,K))  =E=  H(K); 

108 

109  C2(I,J,K)  $ADJ(I,J).. 

110  X(I,K)  -  X(J,K)  -  P(I,J,K)  +  N(I,J,K)  =E=  0; 

111 

112  C3(K).. 

113  SUM((I,J)  $ADJ(I,J),  P(I,J,K)  +  N(I,J,K))  =E=  2*L(K): 

114 

115  C4(I,J,K)  $EXC(I,J).. 

116  P(I,J,K)  +  N(I,J,K)  =L=  1; 

117 

118  C5(I,J,K)  $PER(I.J).. 

119  X(I,K)  -  P(I,J,K)  =E=  0; 

120 

121  C6(I).. 

122  SUM(K,  X(I,K))  =L=  1; 

123 

124  MODEL  SUBREGION  /ALL/; 

125 

126  OPTIONS  ITERLIM  =  1000000,  RESLIM  =  1000000,  WORK  =  200C 

127 

128  SOLVE  SUBREGION  USING  MIP  MINIMIZING  Z; 

129 

130  OPTION  MIP=ZOOM: 

131 

132  DISPLAY  X.L,P.L,H.L; 


B.S  Partial  O^itput  File  for  Problem  MSSAl 

GAMS  2.20  VAX  VMS  20-0CT-1991  19:22 

G  E  -N  E  R  A  L  ALGEBRAIC  MOiDELING  SYSTEM 
C  6  :M:  PILATION 

1  SETS 

2 

3:  I  IMAGE  ROWS  WITH  FRAME  /  1  ♦  4/ 

4  J  IMAGE  COLS  WITH  FRAME  /  1  *  4/; 

5 

6_  TABLE  C(I,J)  COST  MATRIX 


7 

8 

1 

2 

3 

4 

9; 

1 

6 

5 

3 

4 

10? 

2 

1 

3 

2 

2 

11 

3 

5 

4 

1 

3 

l| 

4 

2 

2 

3 

1 

ll 

i4 

VARIABLES 

15  Z"  TOTAL  COST  OF  ALLOCATED  CELLS 

16  X(I,J)  THE  IMAGE  CELL; 

17 

18  BINARY  VARIABLE  X; 

19- 

20=  E_QUATiONS 

21.  COST  OBJECTIVE  FUNCTION 

22  ci  CONSTRAINT  FOR  AREA 

23  C2(I,J)  CONSTRAINT  FOR  NEIGHBORS; 

24 

25  COST. . 

26  Z  =E=  SUM((I,J),  C(I,J)*X(I,J)); 

27 

28  Cl . . 

29  SUH((I,J),X(I,J))  =E=  2; 

30 

31  C2(I,J).. 

32  X(I-1,J)  +  X(I+1.J)  +  X(I,J-1)  +  X(I,J+1)  -  X(I,J)  =G=  0 

33 

34  MODEL  SUBREGION  /ALL/; 

35 

36  OPTIONS  ITERLIM  =  1000000,  RESLIM  =  1000000,  WORK  =  50000; 

37 

38  OPTIONS  LIMROW  =  0,  LIHCOL  =  0; 

39 

40  SOLVE  SUBREGION  USING  MIP  MINIMIZING  Z; 

41 

42  OPTION  MIP=ZOOM; 

43 

44  DISPLAY  X.L; 

45 
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MODEL=;STATISTICS 

iBLOCI^  OF  EqUATIONS  3 

BLOCKS  OF  VARIABLES  2 

NON  ZERO  ELEMENTS  97 

iGENERATION  TIME 

BXECUflON  TIME 

SOLVE 

MODEL  SUBREGION 
TYPE  MIP 
SOLVER  ZOOM 

■++**  SOLVER  STATUS 
****  MODEL  STATUS 
****  OBJECTIVE  VALUE 


SINGLE  EQUATIONS  18 

SINGLE  VARIABLES  17 

DISCRETE  VARIABLES  16 

0.310  SECONDS 

0.820  SECONDS 

SUMMARY 

OBJECTIVE  Z 
DIRECTION  MINIMIZE 
FROM  LINE  40 


1  NORMAL  COMPLETION 
1  OPTIMAL 

3.0000 


RESOURCE  USAGE,  LIMIT 
ITERATION  COUNT,  LIMIT 

ZOOM/XMP 


0.380  1000000.000 

14  1000000 

Version  2.1  Oct  1988 


Courtesy  of  Dr  Roy  E.  Marsten, 

Department  of  Management  Information  Systems, 
University  of  Arizona, 

Tucson  Arizona  85721,  U.S.A. 


No  options  file  found  -  using  defaults. 


Work  space  needed  (estimate) 
Work  space  available 

Iterations:  Initial  LP 
Heuristic 
Branch  and  bound 
Final  LP 

***♦  report  SUMMARY  : 


—  102711  words. 

—  102711  words. 

14,  Time:  4.999971E-02 
0,  O.OOOOOOE+00 

0,  O.OOOOOOE+00 

0,  O.OOOOOOE+00 


0  NONOPT 
0  INFEASIBLE 
0  UNBOUNDED 


44  VARIABLE  X.L 


THE  IMAGE  CELL 


Input  File  for  Problem  MMSA2 

GAMS  2.20  VAX  VMS  21-0CT-1991  17:58 

G^iENERArL  ALGEBRAIC  MODELING  SYSTEM 
CiO  M  f  I  L-A  T  I  0  N 


1  SETS 

2 

3  I  IMAGE  ROWS  WITH  FRAME  /  1*8/ 

4  j-  IMAGE  COLS  WITH  FRAME  /  1*8/ 

5  K  SUBREGIONS  /  1*2/; 

6 

7  TABLE  C(I,J)  COST  MATRIX 


8 

9 

1 

2 

3 

4 

5 

6 

7 

8 

10 

1 

100 

100 

100 

100 

100 

100 

100 

100 

11 

2 

100 

6 

5 

3 

4 

3 

4 

100 

12 

3 

100 

2 

5 

1 

8 

5 

3 

100 

13 

4 

100 

•y 

1 

7 

3 

4 

9 

2 

100 

14 

5 

100 

1 

3 

2 

2 

6 

5 

100 

15 

6 

100 

5 

4 

5 

3 

7 

6 

100 

16 

7 

100 

2 

3 

4 

5 

8 

9 

100 

17 

8 

100 

100 

100 

100 

100 

100 

100 

100 

18. 

19 

20 

21 

PARAMETERS 

M,(K)  CELLS 

1  2  4/; 

22 

23  VARIABLES 

Z  TOTAL  COST  OF  ALLOCATED  CELLS 
25  X(I,J,K)  THE  IMAGE  CELL; 

:26 

27  BINARY  VARIABLE  X; 

28 

29  EQUATIONS 

30  COST  OBJECTIVE  FUNCTION 

31  C1(K)  CONSTRAINT  FOR  SUBREGION  AREA 

32  C2(I,J,K)  CONSTRAINT  FOR  TWO  FIRST  ORDER  NEIGHBORS 

33  C3(I,J)  CONSTRAINT  FOR  ALLOCATION  OF  CELLS; 

34 

35  COST. . 

36  Z  =E=  SUM((I,J,K),  C(I,J)*X(I,J,K)); 

37 

38  C1(K).. 

39  SUH((I,J),X(I.J,K))  =E=  H(K); 

40 

41  C2(I,J,K)$(C(I,J)  NE  100).. 

42  X(I-1,J.K)  +  X(I,J+1,K)  +  X(I+1,J,K)  +  X(I.J-1,K0  -  2*X(I,J,K)  =G= 


il5 
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44  «C3(liJ).. 

45  SUM((K),  X(I,J,k))  =L=  1; 

46 

47  (MODEL  SUBREGION  /ALL/; 

48 

49  OPTIONS  ITERLIM  =  1000000,  RESLIH  =  1000000,  WORK  =  50000 

50 

51  (OPTIONS  LIMROM  =0,  LIMCOL  =  0; 

52 

53  :SOLVE:SUBREGION  USING  HIP  MINIMIZING  Z; 

54 

55  (OPTION  MIP=ZOOM; 

56 

57  DISPLjlY  X.L; 

58 
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B.S  Partial  Output  Pile  for  Problem  MMSAf 


iGAHS  2.20  VAX  VMS  20-0CT-1991  20:02 

■G  E  N:  ERAL  ALGEBRAIC  MODELING  SYSTEM 
‘COMPILATION 


1  SETS 

2 

3  I  IMAGE  ROWS  WITH  FRAME  /  1+6/ 

4  j  IMAGE  COLS  WITH  FRAME  /  1*6/ 

5  K  SUBREGIONS  /  1*2/; 

6 

Y  TABLE  C(I,J)  COST  MATRIX 
8 

9-  1  2  3  4  5  6 

10:  1  6  5  3  4  3  4 

11  2  2  5  1  8  5  3 

12  377  3492 

13  4  1  3  2  2  6  5 

14  5545376 

15  62  3  4  5  8  9; 

16 

17  PARAMETERS 

18  fi(K)  CELLS 

19  /  1  9,  2  4/ 

20 

21  W(K)  WIDTH 

22  /  1  3,  2  2/ 

23 

24  H(K)  HEIGHT 

25  /  1  3,  2  2/; 

26 

27  VARIABLES 

28  Z  TOTAL  COST  OF  ALLOCATED  CELLS 

29  X(I,J,K)  THE  IMAGE  CELL 

30  R(I,K)  THE  IMAGE  ROW 

31  L(J,K)  THE  IMAGE  COLUMN; 

32 

33  BINARY  VARIABLE  X,R,L; 

34 

35  EQUATIONS 

36  COST  OBJECTIVE  FUNCTION 

37  C1(K)  CONSTRAINT  FOR  SUBREGION  AREA 

38  C2(I,J,K)  CONSTRAINT  FOR  NEIGHBORS 

39  C3(I,J)  CONSTRAINT  FOR  ALLOCATION  OF  CELLS 

40  C4(I,K)  CONSTRAINT  TO  LIMIT  SUBREGION  WIDTH 

41  C5(K)  C02JSTRAINT  TO  SET  PROPER  ROW  (HEIGHT)  VALUE 

42  C6(J,K)  CONSTRAINT  TO  LIMIT  SUBREGION  HEIGHT 

43  C7(K)  CONSTRAINT  TO  SET  PROPER  COLUMN  (WIDTH)  VALUE; 


■44 

■45  COST.. 

46  Z  =1=  SUH((I,J,K),  C(I,J)*X(I,J,K)); 

47 

48  ci(K).. 

49  SUKCCI.J).X(I,J,K))  =E=  M(K); 

50 

51  C2(I,JiK).. 

52  X(I-i,J,K)  +  X(i-fl,J,K)  +  X(I,J-1,K)  +  X(I.J-fl,K)  -2*X(I,J,K)  =G=  0; 

53 

54  C3(I,J).. 

55  SUM((K).  X(I,J,K))  =L=  1; 

56 

57  c4(I,K);.  . 

58  SUH((J).  X(I,J,K))  -  W(K)*R(I,K)  =E=  0; 

59 

60  C5(K) . . 

61  SUM((I),  R(I,K))  -  H(K)  =E=  0; 

62 

63  C6(J,K).. 

64  SUH((I),  X(I,J,K))  -  H(K)*L(J,K)  =E=  0; 

65 

66  C7(K).. 

67  SUHC(J),  L(J,K))  -  W(K)  =E=  0; 

68 

69  MODEL  SUBREGION  /ALL/; 

70 

71  OPTIONS  ITERLIM  =  1000000,  RESLIH  =  1000000,  WORK  =  50000; 

72 

73  OPTIONS  LIMROH  =  0,  LIHCOL  =  0; 

74 

75  SOLVE  SUBREGION  USING  HIP  MINIMIZING  Z; 

76 

77  OPTION  MIP=ZOOH; 

78 

79  DISPLAY  X.L; 

80 

MODEL  STATISTICS 

BLOCKS  OF  EQUATIONS  8  SINGLE  EQUATIONS  139 

BLOCKS  OF  VARIABLES  4  SINGLE  VARIABLES  97 

NON  ZERO  ELEMENTS  721  DISCRETE  VARIABLES  96 

GENERATION  TIME  =  1.030  SECONDS 


EXECUTION  TIME  =  1.610  SECONDS 

SOLVE  SUMMARY 
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MODEL 

SUBREGION 

OBJECTIVE 

Z 

TYPE 

MIP 

DIRECTION 

MINIMIZE 

SOLVER 

ZOOM 

FROM  LINE 

75 

****  SOLVER  STATUS 

1 

NORMAL  COMPLETION 

****  MODEL  STATUS 

8 

INTEGER  SOLUTION 

***♦  OBJECTIVE  VALUE 

43.0000 

RESOURCE  USAGE,  LIMIT  137.380  1000000.000 

ITERATIOH  COURT ,  LIMIT  9278  1000000 

Z  do  M  /  X  M  P  - —  Version  2.1  Oct  1988 

Courtesy  of  Dr  Roy  E.  Marsten, 

Department  of  Management  Information  Systems, 
University  of  Arizona, 

Tucson  Arizona  85721,  U.S.A. 


No  options  file  found  -  using  defaults. 

Work  space  needed  (estimate)  —  121771  words. 

Work  space  available  —  121771  words. 

Note:  The  stopping  tolerance  is  satisfied, 
but  the  solution  may  not  be  optical. 

Mo  solution  better  than  41.252638  can  exist. 

(absolute  distance  1.7473621  ,  OPTCA  O.OOOOOOOOE+OO  ) 
(relative  distance  4.2358E-02,  OPTCR  0.1000  ) 


The  branch  and  bound  tree  contained  203  nodes  (max.  50000  nodes). 


Iterations:  Initial  LP 
Heuristic 
Branch  and  bound 
Final  LP 

♦♦♦*  REPORT  SUMMARY  : 


79  VARIABLE  X.L 


184,  Tine:  1.91000 
49,  8.92999 

9044,  125.580 

1,  9.002636E-02 

0  NOKOPT 
0  INFEASIBLE 
0  UNBOUNDED 

THE  IMAGE  CELL 


1  2 


1.2 

1.000 

1.3 

1.000 

2.2 

1.000 

2.3 

1.000 

IID 


4.1 

1.000 

4,2' 

1,000 

4.3 

1.000 

5.1' 

1.000 

5.2 

1.000 

5.3 

1.000 

6.1 

1.000 

6.2 

1.000 

e.3 

1.000 

\ 

i 

i 

a 


B 

s 

t 

I 

! 

1 

f 

! 

I 

I 

f 

I 
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B.6  Partial  Outpvt  File  for  Problem  MSS  AS 


GAMS  2.20  VAX  VMS  20-0CT-i991  18:04 

GENERAL  AL  G  E  BRAIC  MODELING  SYSTEM 
COMPILATION 


1  SETS 

2  I  IMAGE  ROWS  WITH  FRAME  /  1*6/ 

3  J  IMAGE  COLS  WITH  FRAME  /  1+6/ 

4  K  SUBREGIONS  /  1*1/; 

5 

6  TABLE  C(I,J)  COST  MATRIX 

7  1  2  3  4  5  6 

8  1117  7  11 

9  2  1  1  2  2  1  1 


10 

3  7  2 

3  3  2  7 

11 

4  7  2 

3  3  2  7 

12 

5  11 

2  2  11 

13 

6  11 

7  7  11; 

14 

15 

PARAMETERS 

16 

M(K)  C-SLLS 

17 

/  1  16/ 

18 

19 

W(K)  WIDTH 

20 

/  1  4/ 

21 

22 

H(K)  HEIGHT 

23 

/I  4/j 

24 

25 

VARIABLES 

26 

Z  TOTAL  COST  OF  ALLOCATED  CELLS 

27 

X(I,J,K)  THE  IMAGE  CELL 

28 

R(I,K)  THE  IMAGE  ROW 

29 

L(J,K)  THE  IMAGE  COLUMN; 

30 

31 

BINARY  VARIABLE  X,R,L; 

32 

33 

EQUATIONS 

34 

COST 

OBJECTIVE  FUNCTION 

35 

C1(K) 

SUBREGION  CONSTRAINT  FOR  AREA 

36 

C2(I,J) 

CONSTRAINT  FOR  ALLOCATION  OF  CELLS 

37 

C3(I,K) 

CONSTRAINT  TO  LIMIT  SUBREGION  WIDTH 

38 

C4(K) 

CONSTRAINT  TO  SET  PROPER  ROW  (HEIGHT)  VALUE 

39 

C5(J,K.) 

CONSTRAINT  TO  LIMIT  SUBREGION  HEIGHT 

40 

C6(K) 

CONSTRAINT  TO  SET  PROPER  COLUMN  (WIDTH)  VALUE 

41 

C7(I,K) 

ROW  ADJACENCY  CONTIGUITY  CONSTRAINT 

42 

C8(J,K) 

COLUMN  ADJACENCY  CONTIGUITY  CONSTRAINT; 

43 

44 

COST. . 

45  Z  =E=  SUH((I,J,K),  C(I,J)*X(I,J,K)); 

46 

47  C1(K).. 

48  SUM((I.J),  X(T.,J,K))  =E=  M(K); 

49 

50  C2(I,J).. 

=51  SUM((K),  X(I,J,K))  =L=  1; 

-52 

53  C3(I,K).. 

54  SUM((J),  X(I,J,K))  -  W(K)*R(I,K)  =E=  0; 

55 

56  C4(K) . . 

■57  SUM((I),  R(I,K))  -  H(K)  =E=  0; 

58 

59  C5(J,K).. 

60  SUM((I),  Xd.J^K))  -  H(K)*L(J,K)  =E=  0; 

61 

62  C6(K) . . 

63  SUM((J),  L(J,K))  -  W(K)  =E=  0; 

.64 

■65  C7(I,K),. 

66  R(I-1,K)  +  R(I-2,K)  R(I-3,K)  +  R(I+1,K)  +  R(I■^2,K)  +  R(I-f3,K) 

67  -  3+R(I,K)  =G=  0; 

68 

69  C8(J,K).. 

70  L(J-1,K)  +  L(J-2,K)  +  L(J-3,K)  +  L(J-H,K)  +  L(J-f2,K)  +  L(J-f3,K) 

71  ^  3*L(J,K)  =G=  0; 

<72 

73  MODEL  SUBREGION  /ALL/; 

74 

75  OPTIONS  ITERLIM  =  1000000,  RESLIM  =  1000000,  WORK  =  50000; 

76 

77  OPTIONS  LIHROW  =  0,  LIMCOL  =  0; 

78 

79  SOLVE  SUBREGION  USING  MIP  MINIMIZING  Z; 

80 

81  OPTION  HIP=ZOOM; 

82 

83  DISPLAY  X.L; 

MODEL  STATISTICS 

BLOCKS  OF  EQUATIONS  9  SINGLE  EQUATIONS  64 

BLOCKS  OF  VARIABLES  4  SINGLE  VARIABLES  49 

NON  ZERO  ELEMENTS  265  DISCRETE  VARIABLES  48 

GENERATION  TIME  =  0.490  SECONDS 


EXECUTION  TIME  =  0.940  SECONDS 
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SOLVE 

MODEL  SUBREGION 
TYPE  MIP 

soLver  zoom 

****  SOLVER  STATUS  1 

****  model  status  8 

****  OBJECTIVE  VALUE 

RESOURCE  USAGE,  LIMIT 
ITERATION  COUNT,  LIMIT 

ZOOM/XMP 


SUMMARY 

OBJECTIVE  Z 
DIRECTION  MINIMIZE 
FROM  LINE  79 

NORMAL  COMPLETION 
INTEGER  SOLUTION 
32.0000 

160.330  1000000.000 

24709  1000000 

Version  2.1  Oct  1988 


Courtesy  of  Dr  Roy  E.  Marsten, 

Department  of  Meoiagement  Information  Systems, 
University  of  Arizona, 

Tucson  Arizona  85721,  U.S.A. 


No  options  file  found  -  using  defaults. 

Work  space  needed  (estimate)  —  108539  words. 

■Work  space  available  —  108539  words. 

Note:  The  stopping  tolerance  is  satisfied, 
but  the  solution  may  not  be  optimal. 

No  solution  better  than  29.200000  can  exist. 

(absolute  distance  2.8000000  ,  OPTCA  O.OOOOOOOOE+00  ) 

(relative  distance  9.5890E-02,  OPTCR  0.1000  ) 


The  branch  and  bound  tree  contained  539  nodes  (max.  50000  nodes). 


Iterations:  Initial  LP 
Heuristic 
Branch  and  bound 
Final  LP 


69,  Time:  0.429993 


37, 

24602, 

1. 


1.51001 

157.860 

7.000732E-02 


****  REPORT  SUMMARY  : 


0  NONOPT 
0  INFEASIBLE 
0  UNBOUNDED 


83  VARIABLE  X.L 


THE  IMAGE  CELL 


2.2 

2.3 


1.000 

1.000 
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Appendix  C.  Programs  and  Files  for  The  Network  Formulations  of 
the  Subregion  Allocation  Problems 


C.l  The  “SUBNETS"  Pascal  Program 


program  subnets (input,  output,  rcdata,  optdata,  image,  working,  nsa); 

{  Program  to  read  in  the  data  file, 
query  the  user  for  information, 
and  create  the  working  file  } 

type  bigness  =  array  Cl.. 5]  of  integer; 

var 

working:  file  of  integer; 
rcdata,  optdata,  image,  nsa:  text; 

rows,  columns,  size,  gmin,  graax,  option,  subs,  choice:  integer; 
area:  bigness; 

{*****:(<*♦*♦******♦♦♦♦♦*****  PROCEDURE  INTRO  ♦*♦*♦*♦***+♦**********♦****} 
procedure  intro; 
begin  {intro} 

writeln  (_>  ******************************************************^*****’') ; 

writeln  (’  THE  USE  OF  NETWORKS  FOR  SUBREGION  ALLOCATION:'): 

writeln  ('  BASED  ON  CONCEPTS  DEVELOPED  BY  BENABDALLAH  AND  WRIGHT'); 

writeln  ('  AND  IMPLEMENTATION  PROCEDURES  DEVELOPED  BY  BURKE.'); 

writeln  ('  CREATED  BY  THOMAS  G.  REED'); 

writeln  ( ' ************************************************************ ' ) ; 

writeln; 

writeln  ('This  program  will  use  data  contained  in  the  text  file’); 
writeln  (’"IHAGE.DAT".  The  S.AS  portion  of  the  program  will  create’); 
writeln  (’for  later  execution  the  SAS  file  "NSA"  (which  stands  for'); 
writeln  (’"Network  Subregion  Allocation").’); 
writeln; 

writeln  ('PURPOSE'); 

writeln  (’The  purpose  of  this  program  is  twofold:’); 
writeln; 

writeln  (’  (1)  determine  which  pixels  of  an  image  make  up  the’); 
writeln  ('  subregion(s)  of  interest  as  specified  by  the  spectral’); 

writeln  (’  and  spatial  requirements  of  the  program  user;’); 

writeln; 

writeln  (’  OR’); 

writeln; 

writeln  (’  (2)  determine  the  minimum  cost  single  subregion  of  a  data  matrix’); 


12.5 


writeln  ('■  representing  cost,  population,  grey  values,  distance,  etc.;’); 
writeln; 

writeln  (’INPUT’); 

writeln  (’The  data  matrix  MUST  be  contained  in  a  TEXT  file  called  IMAGE.DAT.’); 
writeln  O’The  user  will  be  queried  for  additional  information  as  needed.’); 
•writeln; 

wfitpn  (’OUTPUT’); 

writeln  (’The  output  of  this  program  depends  on  the  options  chosen  by  the’); 
writeln  (’user.  Working  files  used  for  data  manipulation  and  either  a  GAMS’); 
writeln  (’or  SAS  input  file  are  common  outputs  for  all  options.’); 

•writeln; 
end;  -{intfo} 

{***********j)tic!|c*!(ej|<+****  PROCEDURE  QUERY_USER  *****!t!+****+***+**+****+***} 

procedure  query_user(var  rows,  columns,  size,  grain,  gmax,  option,  choice:  integer; 

var  area:  bigness) ; 


var 

i,  j:  integer; 

cell:  array-  Cl.. 100,  l.-lOO]  of  integer;  {temp  storage  of  data  values} 

begin  {query_user} 
option  ;=  0; 
choice  :=  0; 
size  :=  0; 
rows  :=  0; 
columns  :=  0; 

writeln  ( ’  ********t******************t******t****ii‘'*****t’¥*********^***  ’ ) ; 
while  (  (rows<l)  or  (rows>20)  or  (columns<l)  or  (columns>20)  )  do 
begin 

writeln  (’NOTE:  the  image  cannot  exceed  20  cells  by  20  cells,  thank  you.’); 
writeln; 

writeln  (’Enter  the  number  of  ROWS  of  the  image/data’); 
readln  (rows) ; 

writeln  (’Enter  the  number  of  COLUMNS  of  the  image/data’); 
readln  (columns) 
end;  {while  rows  &  columns} 
writeln; ’ 

writeln  (rcdata,  rows); 
writeln  (rcdata,  columns) ; 
size  :=  rows*columns ; 
writeln; 

writeln  ( ’**♦**+****++♦**+*♦+♦+******♦**♦***+**+***♦♦♦♦♦♦+♦**+*♦♦♦♦:(<♦**’ ) ; 
writeln  (’ORIGINAL  DATA  MATRIX:’);  {show  user  what  data  looks  like} 

writeln; 

for  i  :=  1  to  rows  do 
begin 

for  j  :=  1  to  columns  do 
begin 

read  (image,  cellCi,j]);  {read  in  data} 
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write  (cellCi, j] :4) 


{print  to  screen  in  2-D  format} 


end; 

writeln; 

end; 

writeln; 

writeln  (  ‘  *  +  ***  +  *^:**  +  !(!!(!>|:>|t*!|<  +  *  +  **!|!****  +  *  +  +  *!(;******!(c:(c:(c*  +  :(:  +  ****  +  !t;**!(:***  +  *;|c  >  )  j 
writeln; 

writeln  ('#  of  rows  is:’,  rows:3,  ’;  columns  is:’,  columns:3,  ’;  size  is:’,  size:4) 

writeln; 

writeln; 

while  (option  <  1)  or  (option  >  2)  do  {query  user  for  program  option} 

begin 

writeln  (’  ♦***♦*+*************♦************»); 

writeln  (’Enter  one  of  the  following  progreim  options:’); 
writeln; 

writeln  (’1:  IMAGE  SUBREGION  DETERMINATION’); 

writeln  (’  (based  on  spatial  and  spectral  requirements)’); 

writeln; 

writeln  (’2:  MIN-COST  SUBREGION  DETERMINATION’); 
writeln; 
readln  (option) 
end;  {while  option} 

■writeln  (optdata,  option);  {store  user’s  option  selection} 

case  option  of 

1  :  begin  {query  user  for  GMIN  and  GMAX} 

grain  :=  1; 
gmax  :=  0; 

while  (  (gmin>gmax)  or  (gmin<0)  or  (gmin>255)  or  (gmax<0)  or  (gmax>255)  )do 
begin 

writeln  (’  ♦*♦♦++****♦♦**+*+♦♦+*♦*******+***>) j 

writeln; 

writeln  (’NOTE:  The  subregion  minimum  grey  value  you  are  about  to  enter’); 
writeln  (’must  not  exceed  the  subregion  maximum  grey  value.’); 
writeln  (’Also,  both  must  be  between  0  and  255,  inclusive.’); 
writeln; 

writeln  (’Enter  the  MINIMUM  grey  value  of  the  subregion  of  interest’); 
readln  (grain) ; 

writeln  (’Enter  the  MAXIMUM  grey  value  of  the  subregion  of  interest’); 
readln  (gmax) 
end  {while} 
end;  {option  1} 

2  :  begin  {query  for  subregions  and  areas  of  each} 

subs  :=  0; 

for  i  :=  1  to  5  do  area[i3  :=  0; 
while  (  (subs<l)  or  (subs>5)  )  do 
begin 

writeln  (’  ♦♦♦♦*******+**!(!***iti+*5i:*!(t*****j|(>([^t^<») j 

writeln; 

writeln  (’NOTE:  The  maximum  number  of  subregions  that  can  be’); 
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Hriteln  ('determined  is  5.'); 
writeln; 

writelh  (’Enter  the  number  of  subregions  you  wish  to  determine’); 
readln  (subs) 
end;  {while} 

for  i  :=  1  to  siibs  do 
begin 

while  (  (areaCi]<l)  or  (areaCi]>size)  or  (areaCi]>lS)  )  do 
begin 

writeln  (’  +  +  +  +  *  +  +  *  +  +  +  +  j 

writeln; 

writeln  (’NOTE;  The  desired  subregion  size  you  are  about  to  enter  must’); 

writeln  (’not  exceed  15.’); 

writeln; 

writeln  (’Enter  the  desired  subregion  size  for  subregion  #’,  i:2); 
readln  (areaCi]) 
end  {while  area  ...} 
end;  {for  i} 
writeln; 

choice :=  1;  {compactness  is  an  option  in  the  next  program} 

writeln  (optdata,  choice);  {store  choice  selection} 

writeln  (optdata,  subs) ;  {store  the  number  of  subregions} 

for  i  :=  1  to  subs  do  writeln  (optdata.  areaCi])  {store  subregion  areas} 
end  {option  2} 
end  {case} 
end;  {query_user} 

PROCEDURE  0PT1_W0RK_FILE  *************************}■ 
procedure  optl_work_f ile(var  rows,  columns,  gmin,  gmax,  choice;  integer); 
var 

i,  j,  area;  integer; 

pixel;  array  C1..100,  1..1003  of  integer; 
begin  {optl_work_file} 

choice  ;=  0;  {set  some  initial  values  for  looping  later} 

area  ;=  0;  {initial  subregion(s)  area} 

for  j  ;=  1  to  colurans+2  do  {  Create  image  frame  } 

begin 

pixelCl,j3  ;=  88; 
pixel [rows+2,j]  ;=  88 

end; 

for  i  ;=  2  to  rows+1  do 
begin 

pixel [i,l3  ;=  88; 
pixel Ci,columns+2]  ;=  88 

end; 


{  Establish  new  image  pixel  values  )■ 


for  i  :=  2  to  rows+1  do 
begin 

for  j  :=  2  to  columns+1  do 
begin 

read  (image.pixelCi, j] ) ; 
if  (pixel Ci,j3  >=  gmin)  and  (pixel Ci,j]  <=  gmax) 
then 
begin 

pixel[i,j3  :=  1; 
area  :=  area+1 
end  {if  then} 
else  pixel Ci,j]  :=  88 

end 

end; 

writeln; 

Writeln  (  '  ♦**  +  *  +  ********  +  >tt=t'**!K***  +  +  **!|!**!|t***  +  **+  +  *  +  +  !|C  +  ********j(:*5ic  +  S|C!|<!|C**  >  )  J 

writeln  ('WORKING  IMAGE  WITH  "FRAME":'); 

writeln; 

for  i  :=  1  to  rows+2  do 
begin 

for  j  :=  1  to  columns+2  do 
begin 

write  (working.pixelCi, j]) ;  {  Create  working  file  } 

write  (pixelCi, j] :3)  {show  user  working  file} 

end; 

writeln; 

end; 

writeln; 

writeln  ('NOTE:  Pixels  denoted  with  a  1  represent  subregion  candidate'); 

writeln  ('pixels  based  on  your  spectral  requirements.'); 

writeln; 

writeln  ('The  candidate  pixels  comprise  a  total  area  of:  ',  area:5); 
writeln  ( '  ************************+**j|!******+***!it*+***+;t:*+********>!t***+  > )  • 

writeln; 

while  (choice  <  1)  or  (choice  >  5)  do  {query  user  for  comp/cont  option} 
begin 

writeln  ('Enter  one  of  the  following  corapactness/contiguity  options:'); 
writeln  ('  ♦♦♦***********♦+♦***++**♦******+*'); 

writeln  ('1:  None:  no  compactness/contiguity  requirements') ; 
writeln  ('  (show  all  pixels  within  the  grey  range  of  interest)'); 

writeln  ('2:  Marginal  compactness/contiguity  requirements') ; 
writeln  ('  (delete  single  pixel  renegades:)'); 

writeln  ( '  (pixels  must  have  at  least  one  1st-  or  2nd-order  neighbor) ' ) ; 

writeln  ('3:  Low  compactness/contiguity  requirements'); 

writeln  ('  (pixels  must  have  at  least  one  Ist-order  neighbor)'); 

writeln  ('4:  Medium  corapactness/contiguity  requirements'); 

writeln  ('  (pixels  must  have  at  least  two  total  neighbors)'); 

writeln  ('5:  High  compactness/contiguity  requirements' ) ; 


writeln  ('  (pixels  must  have  at  least  two  Ist-order  neighbors)'); 

writein; 
readln  (choice) 
end;  {while} 

write  (optdata,  choice)  {store  user's  choice  selection} 

end;  {optl_work_file} 

PROCEDURE  0PT2_W0RK_FILE  t************************} 
procedure  opt2_work_file(var  rows,  columns:  integer); 

r 

Vcir 

:  i,  j:  integer; 

!  ceil:  array  C1..100,  1..100]  of  integer; 

I  begin  .{opt2_working_f ile} 

I 

I 

j  for  j  :=  1  to  columns+2  do  {  Create  matrix  frame  } 

I  begin 

\  cellCl.j]  :=  888; 

I  cell[rows+2, j]  :=  888 

I  end; 

i  for  i  :=  2  to  rows+1  do 

I 

I  begin 

!  cell[i,l]  :=  888; 

!  cellCi,columns+23  :=  888 

I  end; 

I 

i 

;  for  i  :=  2  to  rows+1  do  {  Establish  work  file  data  } 

;  begin 

I  for  j  :=  2  to  columns+1  do 

i  begin 

>  read  (image,cell[i, j]) 

;  end 

end; 

writeln; 

writeln  ( '****♦*****+*****♦**+*++*♦*********+♦♦♦*++*+********♦****♦♦***») ; 

writeln  ('WORKING  DATA  MATRIX  WITH  "FRAME":'); 

writeln; 

for  i  :=  1  to  rows+2  do 
begin 

for  j  :=  1  to  columns+2  do 
begin 

write  (working,cell[i, j]) ;  {  Create  working  file  } 

write  (cellCi, j] :4)  {show  user  working  file} 

end ; 

writeln; 

end; 

writeln; 

writeln  ( '*+*********♦*+********+*♦***+*+***♦♦♦♦+*+*♦***♦**♦+*♦***♦***♦') ; 
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end;  {opt2_Hork_file} 

{****♦**♦♦**+*++++***+*+♦  PROCEDURE  GAMS_FILE  t***********************} 

procedure  gains_file(var  rows,  columns,  choice:  integer): 

var 

i,j:  integer; 

pixel:  array  Cl.. 100,  1..100]  of  integer; 

begin  ■Cgams_file}  {create  the  GAMS  file  NSA.DAT> 

writeln  (nsa,  'SETS’): 
writeln  (nsa) ; 

writeln  (nsa,  '  I  image  rows  with  frame  /  1  (rows+2) :3, ’/') ; 

vjriteln  (nsa,  ’  J  image  cols  with  frcune  /  1  (columns+2)  :3, ’/; ’) ; 

writeln  (nsa); 

writeln  (nsa,  'TABLE  C(I,J)  cost  matrix'); 

write  (nsa,’  1’);  {label  for  column  1> 

for  j  :=  2  to  col\utms+2  do  {labels  for  columns  2  and  up} 

begin 

write  (nsa,  j:3) 

end; 

writeln  (nsa); 

for  i  :=  1  to  rows+2  do  {read  in  working  file} 

begin 

for  j  :=  1  to  columns+2  do 
begin 

read  (working,  pixel Ci,j3) 
end 

end; 

for  i  :=  1  to  rows  +  1  do  {write  image  matrix  into  NSA. DAT  file} 

begin 

write  (nsa,  i:2);  {labels  for  row  numbers} 

for  j  :=  1  to  columns+2  do 

begin 

write  (nsa,  pixelCi, j] :3)  {grey  scale  data  from  WORKING  file} 

end; 

writeln  (nsa) ; 

end; 

i  :=  rows+2;  {last  row  written  last  so  that  ...  } 

write  (nsa,  i:2); 

for  j  :=  1  to  columns+2  do 

begin 

write  (nsa,  pixelCi, j] :3) 

end; 

writeln  (nsa,  ’;’);  {semicolon  is  added} 

writeln  (nsa); 

writeln  (nsa,  ’VARIABLES’); 

writeln  (nsa,  ’  Z  total  area  of  allocated  cells’); 
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writeln  (nsa,  '  X(I,J)  the  image  cell;'); 
writeln  (nsa) ; 

writeln  (nsa,  'BINARY  VARIABLE  X;'); 

writeln  (nsa); 

writeln  (nsa,  'EQUATIONS'); 

writeln  (nsa,  '  SIZE  OBJECTIVE  FUNCTION') ; 

write  (nsa,  '  C1(I,J)  CONSTRAINT  FOR  NOHSUBREGION  ALLOCATION') ; 

case  choice  of 

1  :  writeln  (nsa,  ';');  {choice  1  does  not  require  a  contiguity  constraint} 

2, 3, 4, 5  :  begin 

writeln  (nsa); 

writeln  (nsa,  '  C2(I,J)  CONSTRAINT  FOR  CONTIGUITY; ') 

end  {option  2,3} 

end;  {case} 

writeln  (nsa); 

writelii  (nsa,  'SIZE..'); 

writeln  (nsa,  '  Z  =E=  SUH((I,J),  X(I,J));'); 
writeln  (nsa); 

writeln  (nsa,  'C1(I, J)$(C(I, J)  IIE  1)..'); 
writeln  (nsa,  '  X(I,J)  =E=  0;'); 
case  choice  of 

2  :  begin 

writeln  (nsa) ; 

writeln  (nsa,  'C2(I, J)$(C(I, J)  EQ  1)..'); 

writeln  (nsa,  '  X(I-1,J-1)  +  X(I-1,J)  +  X(I-1,J+1)  +  X(I,J+1) 

+  X(I+1,J+1)  +  X(I+1,J)  +  X(I+1,J-1)  +  X(I,J-i)  -  X(I,J)  =G=  0;') 
end;  {option  2} 

3  :  begin 

writeln  (nsa) ; 

writeln  (nsa,  'C2(I, J)$(C(I, J)  EQ  1)..'); 

writeln  (nsa,  '  X(I-1,J)  +  X(I,J+1)  +  X(I+1,J)  +  X(I,J-1)  -  X(I,J)  =G=  0;') 

end;  {option  3} 

4  :  begin 

writeln  (nsa) ; 

writeln  (nsa,  'C2(I, J)$(C(I, J)  EQ  1)..'); 

writeln  (nsa,  '  X(I-1,J-1)  +  X(I-1,J)  +  X(I-l,J+l) 

+  X(I,J+1)  +  X(I+1,J+1)  +  X(I+1,J)  +  X(I+1,J-1)  +  X(I,J-1)  -  2*X(I,J)  =G=  0;') 
end;  {option  4} 

5  :  begin 

writeln  (nsa) ; 

writeln  (nsa,  'C2(I,J)0(C(I,J)  EQ  1)..'); 

writeln  (nsa,  '  X(I-1,J)  X(I+1,J)  +  X(I,J-l)  +  X(I,J+l)  -  2*X(I,J)  =G=  0;') 

end  {option  3} 
end;  {case} 
writeln  (nsa) ; 

writeln  (nsa,  'MODEL  SUBREGION  /ALL/;'); 
writeln  (nsa); 

writeln  (nsa,  'OPTIONS  ITERLIM  =  1000000,  RESLIH  =  1000000,  WORK  =  50000;’); 
writeln  (nsa) ; 

writeln  (nsa,  'OPTIONS  LIHROW  =  0,  LIMCOL  =  0;’); 
writeln  (nsa) ; 


writeln  (nsa,  ’SOLVE  SUBREGIOH  USIHG  HIP  HAXIMIZIIIG  2;'); 
writcln  (nsa); 

writeln  (nsa,  'OPTION  MIP=Z00H;’); 
writeln  (nsa); 

writeln  (nsa,  'DISPLAY  X.L;'); 

writeln  (nsa); 

writeln; 

writeln  (>**********  FINDING  OPTIMUM  SOLUTION  .  .  .  PLEASE  WAIT  ♦♦♦♦♦♦**♦*'); 
writeln; 

end;  {gains_fiie> 

{**♦***♦♦*♦♦******♦*  MAIN  PROGRAM  :  SUBREGION  *♦*♦♦♦♦****♦♦**♦♦♦*♦****)■ 


begin  {subnets} 

intro;  {run  INTRO  proc> 

reset  (image);  {for  reading  IMAGE  file} 

rewrite  (fcdata) ;  {for  storing  row/col  info} 

rewrite  (bptdata);  {for  storing  option/choice} 

query _user  (rows,  columns,  size,  gnin,  gmax,  option,  choice,  area) ;{QUERY_USER  proc} 
reset  (image);  {for  reading  IMAGE  file} 

rewrite  (working) ;  {for  creating  WORKING  file} 

case  option  of 

1  :  begin 

optl_work_file  (rows,  columns,  gnin,  gmax,  choice); 
end;  {option  1} 

2  :  begin 

opt2_Mork_file  (rows,  columns); 
end;  {option  2} 
end;  {case} 

reset  (working) ;  {for  reading  WORKING  file} 

rewrite  (nsa) ;  {for  creating  NSA  input  file} 

case  option  of 

1  :  gans_file  (rows,  columns,  choice);  {run  GAKS_FILE  proc} 

2  :  begin  {instruct  user  to  run  SAS_FILE  prog} 

writeln; 

writeln; 

writeln  ('Type  "run  [sas  filename]"  (without  quotes)  at  the  prompt; 
press  [RETURN]'): 

writeln 
end  {option  2} 
end  {case} 
end.  {subnets} 


C.2  The  “AREAWALL”  Pascal  Program 

program  areawalK input,  output,  rcdata,  optdata,  arcname,  celldata,  working,  nsa); 


{  The  program  SUBNETS  must  be  run  first  in  order  to  create  the  working  d=*  ■file 
and  query  the  user  for  necessary  information  used  in  this  program.  } 

{  This  program  creates  the  SAS  file  used  for  the  AREAWALL  network-with-side- 
constraints  implementation  of  single  and  multiple  subregion  allocation  problems.  } 

{  the  row/column  format  for  representing  the  working  data  matrix  is 

used  for  the  calculations;  a  return  to  the  sequentially  numbered  matrix  cells 

is  used  for  node  and  arc  names  since  they  cannot  exceed  8  characters  in  length  )■ 

■[  the  _space  variables  are  used  to  determine  the  width  needed  to  write  the  data  } 

{  The  following  is  an  explan.ation  of  the  files  and  what  they  are  used  for: 
rcdata:  holds  the  values  of  the  "rows"  and  "columns"  variables  of  the  matrix; 
optdata:  holds  the  values  of  the  user’s  options,  choices,  subregion(s) ,  area(s); 
arcname:  holds  the  list  of  arenames; 

celldata:  holds  the  niunber  of  the  cells  used  in  each  node  and  arc; 

working:  holds  the  working  file  cost  matrix; 

nsa;  the  sas  input  file  which  this  program  ultimately  creates. 

Note:  rcdata,  optdata,  and  working  were  created  by  the  subnets  program. 

Note:  arcname  and  celldata  are  utilized  in  the  writing  of  side  constraints.  }■ 

type  string  =  packed  array  C1..50,  1..8]  of  char; 
bigness  =  arrayCl..5]  of  integer; 


var 

working:  file  of  integer; 

rcdata,  optdata,  arcname,  celldata,  nsa:  text; 

bbarc:  string;  {allows  several  arcs  to  have  flows  set} 

bbcopy:  string;  {used  for  determining  position  of  arc  names} 

wall:  array  [1..26]  of  char;  {a. .z  —  allows  26-cell  subregion  sizes} 

i,  j,  k,  lineup,  cellnura,  cellspace,  rmlcell,  rmlspace,  rplcell,  rplspace, 

cmlcell,  cralspace,  cplcell,  cplspace,  cellcopy,  rows,  columns, 

size,  gmin,  graax,  option,  choice,  subs,  maxarea, 

selection,  totarcs,  setarcs,  nomatch:  integer; 

area:  bigness;  {subregion  sizes} 

counter:  array  [1..50]  of  integer;  {for  finding  arc  names  in  the  arcname  file} 

cell:  array  [1..100,  1..100]  of  integer; 
arcch:  char; 

sidecon,  bbset,  match:  boolean;  {  for  side  constraints  } 

{bbset  indicates  whether  the  user  wants  to  set  flow  in  an  arc} 


begin  {areawall} 
reset  (rcdata) ; 
reset  (optdata) ; 
reset  (working); 


{  the  following  section  establishes  the  possible  wall  values  in  the  wall  array  } 


{  Note:  the  number  of  walls  is  determined  by  the  size  of  the  largest  subregion.  } 
wallCl]  :=  ’a’; 

for  i  :=  2  to  26  do  wallCi]  :=  chr(ord(wall [i-l] )+l) ; 


maxarea  ;=  0; 
read  (optdata,  option); 
read  (optdata,  choice); 
read  (optdata,  subs); 
for  i  :=  1  to  subs  do 
begin 

read  (optdata,  area[i]);  {get  subregion  area  info} 

if  areaCi]>maxarea  then  maxarea:=  areaCi]  {store  largest  subregion  size} 
end;  {for  i} 
sidecon  :=  true; 
bbset  :=  false; 
read  (rcdata,  rows); 
read  (rcdata,  columns); 
size  :=  (rows) *( columns) ; 

{  total  network  arcs  =  the  total  number  of  cell  neighbors  (not  including  the  frame)  } 

{  for  each  maxarea  interwall  space  (2  for  each  corner,  3  for  each  border,  4  for  each 
remaining  cell,  and  2*size  for  source  and  sink  arcs),  plus  the  source  and 
destination  arcs  (size  +  subs*size)  } 

totarcs  :=  (((4=t'size)-(2*rows)-(2*columns))*(maxarea-l))  +  ((subs+l)*size) ; 

rewrite  (nsa) ; 
rewrite  (arcname) ; 

rewrite  (celldata);  {store  cell  numbers  in  arcname  order  for  compact,  constraints} 

for  i  :=  1  to  rows+2  do  {read  in  working  file} 

begin 

for  j  :=  1  to  columns+2  do 
begin 

read  (working,  cellCi,j]) 
end 

end; 


{  create  SAS  file  NSA. DAT  composed  of  node  data,  arc  data,  side  constraint  data  } 

{  Flow  from  the  source  equals  the  number  of  subregions;  there  is  one 
destination  (dl,  d2,  ...  d(subs))  for  each  subregion.  } 

{  Write  all  arc  names  to  the  arcname  file  as  they  are  created.  } 

{  The  current  cell  number  will  be  stored  in  the  file  celldata  } 

{  the  dummy  8888  number  is  used  since  we  only  want  arcs  OUT  OF  nodes  } 

{  for  some  side  constraints;  i.e.,  source  to  wall  "a"  arcs  are  not  OUT  OF  nodes  } 


{  periods  represent  coefficients  of  0  } 


writeln  (nsa, 
writeln  (nsa, 
writeln  (nsa, 
writeln  (nsa. 


'data  noded; ') ; 

'  input  _node_$  _sd_; ') ; 

'  cards ; ' ) ; 

'ss',  subs; 3); 
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for  i:=  1  to  subs  do  writeln  (nsa,  ’  -1’); 

writeln  (nsa,  ’ ; ’ ) : 

writeln  (nsa,  'data  arcd;'); 

writeln  (nsa,  'input  _from_$  _to_$  _cost_  _capac _ name_$;'): 

writeln  (nsa,  'cards;'); 

{  write  the  arc  data  from  the  source  to  the  first  wall  } 

{  source  will  not  flow  into  frame  cells  since  they  will  not  be  in  the  network  } 

cellspace  :=  1;  {cell  print  space} 

for  i  :=  2  to  rows+1  do 

begin 

for  j  :=  2  to  columns+1  do 
begin 

cellnum  :=  (((i-l)*(columns+2))+j); 

if  cellnum  >  9  then  cellspace  :=  2; 

if  cellnum  >  99  then  cellspace  :=  3; 

write  (nsa,  'ss  ',  'a' ,cellnum:cellspace) ; 

writeln  (nsa,  cell[i, j] :4, ’  1  ssa' .cellnum: cellspace) ; 

writeln  (arcname,  'ssa' ,cellnum:cellspace) ; 

writeln  (celldata,  '8888')  {dummy  number  for  maintaining  position} 
end  {for  j} 
end;  {for  i} 

{  write  the  arc  data  from  the  first  wall  to  the  last  wall  (based  on  value  of  maxarea)  } 
{  (from  each  cell  in  a  wall  to  its  matrix  neighbors  in  the  next)  } 

{  NOTE:  arcs  to  the  frame  cells  (nodes)  are  not  needed;  frame  nodes  } 

{  will  not  exist  in  the  final  network.  They  simply  make  the  determination  } 

{  of  neighbors  a  simpler  task. 

for  k  :=  1  to  maxarea-1  do 
begin 

cellspace  :=  1;  {reset  cell  print  space} 

rmlspace  :=  1;  {cell  minus  1  row  print  space — for  'next'  wall} 

rplspace  :=  1;  {cell  plus  1  row  print  space — for  'next'  wall} 

cmlspace  :=  1;  {cell  minus  1  column  print  space — for  'next'  wall} 

cplspace  :=  1;  {cell  plus  1  column  print  space — for  'next'  wall} 

for  i  :=  2  to  rows+1  do 
begin 

for  j  :=  2  to  columns+1  do 
begin 

cellnum  :=  (((i-l)*(columns+2))+j) ;  {determine  the  cell  being  used} 

rmlcell  :=  (((i-2)+(columns+2))+j) ;  {determine  the  neighbors  of  the  cell} 

rplcell  :=  ((i*(columns+2))+j) ;  {row-1,  row+1,  col-1,  col+1} 

cmlcell  :=  (((i-l)*(columns+2))+(j-l)) ; 
cplcell  :=  (((i-l)*(columns+2))+(j+l)) ; 

if  cellnum  >  9  then  cellspace  :=  2,  {determine  the  space  needed  to} 

if  cellnum  >  99  then  cellspace  :=  3;  {print  the  cell  number} 

if  rmlcell  >  9  then  rmlspace  :=  2; 
if  rmlcell  >  99  then  rmlspace  :=  3; 


if  rplcell  >  9  then  rplspace  ;=  2; 
if  rplcell  >  99  then  rplspace  :=  3; 
if  cmlcell  >  9  then  cmlspace  :=  2; 
if  cmlcell  >  99  then  cmlspace  :=  3; 
if  cplcell  >  9  then  cplspace  :=  2; 
if  cplcell  >  99  then  cplspace  :=  3; 

{write  to  file  NSA  the  arc  data  from  the  cell  to  its  neighbors  for  each  maxarea-1  wall} 
{write  all  arc  names  to  the  arcname  file} 

{  do  not  include  nodes  or  arcs  for  frame  cells  (cells  with  cost  of  888)  } 

if  (cell  [i-1  ,j]  0888)  then 
begin 

write  (nsa,  wallCk] ,cellnum:cellopace, ’  ' ,wall[k+l] ,rmlcell:rmlspace) ; 

write  (nsa,’  ’ ,cellCi-l, j] :4. ’  1  ’); 

writeln  (nsa,  wallCk] ,cellnum:v.ellspace,wall[k+l] ,rmlcell:rmlspace) ; 
writeln  (arcname,  wall[k] ,cellnura:cellspace,wallCk+l] ,rmlcell:rmlspace) ; 
writeln  (celldata,  cellnum) 
end;  {if  cellCi-l,j]} 

if  (cell Ci,j+1] 0888)  then 
begin 

write  (nsa,  wall [k] , cellnum: cellspace, ’  ’ ,wall[k+l] ,cplcell:cplspace) ; 

write  (nsa,’  ’ ,cell[i, j+l] :4, ’  1  ’); 

writeln  (nsa,  wall[k] , cellnum: cellspace, wall [k+l] , cplcell: cplspace) ; 
writeln  (arcname,  wall[k] , cellnum: cellspace, wall [k+l] , cplcell: cplspace); 
writeln  (celldata,  cellnum) 
end;  {if  cell [i, j+l]} 

if  (cell  [i+1  ,j] 0888)  then 
begin 

write  (nsa,  wall [k] , cellnum: cellspace, ’  ’ ,wall[k+l] ,rplcell:rplspace) ; 

write  (nsa,’  ’ ,cellCi+l, j] :4, ’  1  ’); 

writeln  (nsa,  wall[k] , cellnum: cellspace, wall [k+l] ,rplcell:rplspace) ; 
writeln  (arcname,  wall[k] , cellnum: cellspace, wall [k+l] ,rplcell:rplspace) ; 
writeln  (celldata,  cellnum) 
end;  {if  cell [i+1, j]} 

if  (cell[i, j-l]o888)  then 
begin 

write  (nsa,  wall [k] , cellnum: cellspace, ’  ’, wall [k+l] , cmlcell: cmlspace) ; 

write  (nsa,’  ’ ,cell[i, j-1] :4, ’  1  ’); 

writeln  (nsa,  wall[k] , cellnum: cellspace, wall [k+l] , cmlcell: cmlspace) ; 
writeln  (arcname,  wall[k] , cellnum: cellspace, wall [k+i] , cmlcell: cmlspace) ; 
writeln  (celldata,  cellnum) 
end  {if  cell[i,j-l]} 
end  {for  j} 
end  {for  i} 
end;  {for  k> 


{  write  the  arc  data  from  the  appropriate  walls  to  their  respective  destinations  } 


{  again,  frame  cells  are  not  included  since  they  will  not  be  in  the  network  > 

for  k  :=  1  to  subs  do 
begin 

cellspace  :=  1;  {reset  cell  print  space} 

for  i  :=  2  to  rows+1  do 
begin 

for  j  :=  2  to  columns+1  do 
begin 

cellnum  :=  (((i-l)*(columns+2))+j); 
if  cellnum  >  9  then  cellspace  :=  2; 
if  cellnum  >  99  then  cellspace  :=  3; 

write  (nsa,  wall [area [k] 3 .cellnum : cellspace, ’  d’,k:l,'  .  1  ’): 

writeln  (nsa,  wall[areaCk3] ,cellnum:cellspace, ’d' ,k: 1) ; 
writeln  (arcname,  wallCareaCk]] .cellnum: cellspace, M’ ,k: 1) ; 
writeln  (celldata,  cellnum) 
end  {for  j} 
end  {for  i} 
end;  {for  k} 
writeln  (nsa,  ’ ; O : 

{  SIDE  CONSTRAINTS  SECTION  } 

choice :=  0;  {reset  to  allow  for  user  changes} 

writeln; 

writeln  ( ‘  *****if**************!if****************  ’ ) ; 

while  (  (choice<l)  or  (choice>2)  )  do 

begin 

writeln  (’Enter  one  of  the  following  compactness/contiguity  options:’); 

writeln  (’  +***♦+*>!<♦♦♦+**♦*********+♦*♦****+’); 

writeln  (’1:  None:  no  compactness/contiguity  requirements’); 

writeln  (’  (  MUST  be  chosen  if  any  subregion  area  is  3  or  smaller'); 

writeln  ( ’  or  equal  to  5  ) ’ ) ; 

writeln  (’  (all  cells  will,  however,  have  at  least  one  Ist-order’); 

writeln  (’  neighbor)’); 

writeln  (’2:  High  compactness/contiguity  requirements’); 
writeln  (’  (cells  must  have  at  least  two  Ist-order  neighbors)’); 

writeln; 
readln  (choice) 
end;  {while  choice} 

selection  :=  0; 
writeln; 

writeln  ( ’ ************************************* ’ ) ; 
while  (  (selection<l)  or  (selection>2)  )  do 
begin 

writeln  (’Select  the  option  below  which  describes  your  situation:’); 
writeln; 

writeln  (’1:  You  are  attempting  to  solve  the  problem  for  the  first  time’); 
writeln  (’  (or,  if  not,  you  have  no  arcs  on  which  you  wish  to  set  the  flow).’); 
writeln; 
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writeln  (’2:  You  need  to  set  the  flow  on  one  or  more  of  the  arcs  to  l.’)i 
writeln  (’  (i.e.,  you  have  already  solved  the  problem  but  have  split'); 

writeln  (’  flows  to  contend  with  via  a  branch-and-bound  method)’); 

writeln; 

readln  (selection) ; 
end;  {while  selection} 
if  selection  =  2  then 

begin  ' 

setarcs  :=  0; 
bbset  :=  true; 
writeln; 

writeln  (’How  many  arcs  need  to  have  their  flow  set  to  1?’); 

while  (  (setarcs<l)  or  (setarcs>totarcs)  )  do 

begin 

writeln  (’(the  number  must  be  greater  than  O’); 

writeln  (’  and  probably  should  not  exceed’,  (maxarea+l):4, ’)’); 

writeln; 

readln  (setarcs) 
end  {while  setarcs} 
end;  {if  selection} 

if  (  (maxarea<2)  and  (not  bbset)  )  then  sidecon  :=  false;  {no  side  constraints  needed} 

if  sidecon  then 
begin 

{  list  arc  variables  since  the  side  constraints  are  in  terms  of  the  arcs} 

writeln  (nsa,  ’data  cond;’); 
writeln  (nsa,  ’input’); 

reset  (arcname) ; 

j  :=  1; 

for  i  :=  1  to  totarcs  do 
begin 

bbcopyCl]  :=  ’  ’; 

readln  (arcname,  bbcopyCl]); 
write  (nsa,  bbcopyCl],  ’  ’); 

j  :=  j+i; 

if  j>10 
then  begin 

j  :=  1; 

writeln  (nsa) 
end  {if  j ,  then} 
end:  {for  i} 

writeln  (nsa,  ’_type_$  _rhs_;’); 
writeln  (nsa,  ’cards;’); 

{  write  the  limit-cells-to-l-subregion  side  constraints  } 


{10  at  a  time} 
{list  all  arcs} 

{clear  the  variable} 
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{  'lineup’  keeps  the  lines  from  exceeding  40  characters  in  length  } 

for  i  :=  2  to  rows+1  do  {for  each  matrix  cell  ...  } 

begin 

for  j  :=  2  to  columns+1  do 
begin 

reset  (celldata) ; 
lineup  :=  1; 

cellnum  :=  (((i-l)*(coluinns+2))+j) ;  {determine  the  current  cell} 

for  k  :=  1  to  totarcs  do  {search  thru  entire  celldata  file} 
begin 

readln  (celldata,  cellcopy) ;  {get  stored  cellnum  from  file  celldata} 
if  cellcopy  =  cellnum  {if  we  are  at  the  current  cell  number  ...} 

then  write  (nsa,  '1  ’)  {write  1} 

else  write  (nsa,  '.  ’);  {if  not,  write  not  flow  out  of  the  cell} 

lineup  :=  lineup+1; 
if  lineup>40  then 
begin 

writeln  (nsa); 
lineup  :=  1 
end  {if  lineup} 
end;  {for  k} 

writeln  (nsa,  'LE  1’); 
writeln  (nsa) 
end  {for  j} 
end;  {for  i} 

{  write  the  compactness  constraints,  if  needed  } 

{  NOTE:  since  the  compactness  constraints  are  in  terms  of  the  flow  to/from  nodes, 
and  are  not  based  on  the  subregion(s) ,  then  if  any  subregion  area  is  3  or  5, 

NO  compactness  constraints  ceui  be  written.  The  user's  compactness  choice  will 
be  changed  if  need  be.  } 

for  i:=  1  to  subs  do  if  (  (areaCi]=3)  or  (area [i] =5)  )  then  choice  :=  1; 

{  -2  is  the  coefficient  for  all  axes  out  of  the  current  cell  } 

{  and  a  1  is  the  coefficient  for  all  arcs  out  of  its  neighbors;  } 

{  all  other  arcs  will  have  coefficients  of  0  } 

{  the  file  celldata  is  searched  for  cell  and  neighbor  matches  } 

{  to  know  where  to  properly  place  the  coefficients  } 

if  (choice=2)  then 
begin 

for  i  :=  2  to  rows+1  do  {for  each  matrix  cell  ...  } 

begin 

for  j  :=  2  to  columns+1  do 
begin 

reset  (celldata); 
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lineup  :=  1; 

cellnuin  ;=  (((i-l)*(columns+2))+j) ;  {determine  the  current  cell} 

rmlcell  :=  (((i-2)*(columns+2))+j) ;  {determine  the  neighbors  ...} 

rplcell  :=  ((i*(columns+2))+j); 
cmlcell  :=  (((i-l)+(columns+2))+(j-l)) ; 
cplcell  :=  (((i-l)*(columns+2))+(j+l)); 

for  k  :=  1  to  totarcs  do  {search  thru  entire  celldata  file} 
begin 

readln  (celldata,  cellcopy) ;  {get  stored  cellnum  from  file  celldata} 
if  cellcopy  =  cellnxun  {if  we  are  at  the  current  cell  number  . . 

then  begin 

write  (nsa,  ’-2  0; 
lineup  :=  lineup+2 
end  {if  cellcopy,  then} 

else  begin  {else,  if  we  are  at  a  neighbor  cell  ...  } 

if  (  (cellcopy=rmlcell)  or  (cellcopy=rplcell)  or  (cellcopy=cralcell) 
or  (cellcopy=cplcell)  ) 
then  write  (nsa,  ’1  ’) 

else  wriv.e  (nsa,  ' .  ');  {not  the  cell  nor  a  neighbor  of  the  cell} 
lineup  :=  lineup+1 
end;  {if  cellcopy,  else} 
if  lineup>40  then 
begin 

writeln  (nsa) ; 
lineup  :=  1 
end  {if  lineup} 
end;  {for  k} 

writeln  (nsa,  ’GE  O'): 
writeln  (nsa) 
end;  {for  j} 
end  {for  i} 
end;  {if  choice} 

{  B&B  side  constraint,  setting  flow  to  1  for  arcs,  is  needed  } 

if  bbset  then  {Branch  &  Bound  user  inputs  are  required} 

begin 

for  i  :=  1  to  50  do  for  j  :=  1  to  8  do  bbarc[i,j]  :=  ’  '; 
writeln; 

writeln  (’**♦****!(!'); 

writeln  (’NOTE:  Be  VERY  careful  when  you  type  in  the  arc  ncuae(s).’); 

writeln  (’ —  Type  the  first  arc  name;  press  [RETURN]’); 

writeln  (’ —  Type  the  second  arc  name;  press  [RETURN]’); 

writeln  (’ —  ...  and  so  on  for  the’,  setarcs:3,  ’  arc(s).’); 

writeln  (’SECOND  NOTE:  arcs  to  the  destination  cannot  be  set.’); 

writeln  (>********>)■ 

writeln; 

for  i  :=  1  to  setarcs  do  readln  (bbarc[i]);  {read  in  arc  name(s)} 


^cch  :=  ’ 

k  :=  0;  {infinite  loop  preventer} 

while  (  (arcch  =  ’  ')  and  (k<10)  )do  {move  spaces  in  name  (if  any)  to  rear} 
begin  {in  other  words,  left  justify  the  arc  name} 

k  :=  k+1; 

for  i  :=  1  to  setarcs  do 
begin 

arcch  : =  bbarc [i , 1] ; 
if  arcch  =  '  ’  then 
begin 

for  j  ;=  1  to  7  do  bbarc[i,j]  :=  bbarc[i, j+1] ; 
bbarc [i , 8]  : =  arcch 
end  {if  arcch} 
end  {for  i} 
end;  {while  arcch} 

{  Note:  the  file  arcname  will  be  searched  until  a  match  is  made  with  the  bbarc (s ) .  } 

{  there  will  be  coefficients  of  0  for  all  arcs  except  the  B&B  arc(s)  whose  coef  =  1  } 

nomatch  :=  0;  {  used  to  keep  track  of  no  matches  } 

for  i  :=  1  to  setarcs  do 

begin 

bbset  :=  true; 

counter [i]  :=  0;  {will  indicate  which  arc  needs  to  be  set  to  1} 

reset  (arcname) ; 

while  (  (not  eof (arcname)  )  and  (bbset)  )  do  {until  a  match  is  found...} 
begin 

counter [i]  :=  counter Ci]+1; 
readln  (arcname,  bbcopyCi]); 
if  (bbcopyCi]  =  bbarc [i])  then  bbset  :=  false 
end;  {while  not  eof  ...} 

if  (bbset)  then  {if  the  arc  wasn’t  found  . . .  } 

begin 

counter Ci]  :=  0;  {  reset  so  that  the  last  arc  is  not  flagged  } 

nomatch  :=  nomatch+1; 

writeln; 

writeln  ( ’  **+**+****+********+*!)iJ(!******+!(:!(;!icj|t*!(:********  ’ ) ; 
writeln; 

writeln  (’Arcname  ’,  bbarc [i],’  was  not  found.’); 
writeln  (’You  may  re-run  the  "areawall"  program  if  you  still’); 
writeln  (’need  to  set  the  flow  on  the  arcs.’) 
end  {if  bbset} 
end;  {for  i} 

{  write  the  necessary  B&B  side  constraint  to  set  flow  to  1  for  the  given  arcs  } 

{if,  as  we  count  thru  the  arcs,  we  match  the  B&B  arc’s  place,  write  a  1  } 

lineup  :=  1; 

for  i  :=  1  to  totarcs  do 
begin 

match  :=  false; 
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{  the  comparison  below  has  to  be  done  this  way  since  there  is  no  guarantee  that  } 

{  the  arcs  whose  flows  are  to  be  set  to  1  are  sequentially  stored  in  "counter []"  }■ 
for  j  :=  1  to  setarcs  do 

if  i=counter[j]  then  match  :=  true;  {  we  have  a  match  in  the  list  } 
if  match  then  write  (nsa,  '1  ') 
else  write  (nsa,  ’); 

lineup  :=  lineup+1; 
if  lineup>40  then 
begin 

writeln  (nsa) ; 
lineup  :=  1 
end  {if  lineup} 
end;  {for  i} 

writeln  (nsa,  ’EQ’,  (setarcs-nomatch) :3) ; 
writeln  (nsa) 
end;  {if  bbset} 

writeln  (nsa,  ';’) 
end;  {if  sidecon} 

{  write  code  for  executing  PROC  NETFLOW  } 

writeln  (nsa,  ’proc  netflow'): 
writeln  (nsa,  '  nodedata=noded') : 
writeln  (nsa,  ’  arcdata=arcd’) ; 
if  sidecon  then 
begin 

writeln  (nsa,  '  condata=cond’) ; 
writeln  (nsa,  ’  conout=solution; ’ ) 
end  {if  sidecon  then} 
else  writeln  (nsa,  '  arcout=solution; ’) : 
writeln  (nsa,  ’run;’): 

writeln  (nsa,  ’print  arcs/nonzero;  run;’); 


Instruct  the  user  to  run  the  sas  program.  } 


writeln; 

writeln; 

writeln 

writeln; 

writeln 

writeln: 

writeln 

writeln 

writeln 

writeln 

writeln 


(  ’*****  +  **5t!it:**  +  ****  +  ***  +  **  +  **  +  *************  +  ***  +  **  +  *  +  **=tc!(i*******J|c******’  ) 

(’The  SAS  input  file  has  been  generated.’); 

(’1:  Type  "runsas  nsa.dat"  (no  quotes)  at  the  prompt;  press  [RETURN].’): 
(’  When  prompted  for  "VMS  data  file",  press  [RETURN]  again.’); 

(’  When  prompted  for  the  "queue",  press  [RETURN].’); 

(>  -  Note:  if  the  2-minute  CPU  time  limit  is  reached,’); 

(’  pick  the  long  queue  on  the  next  run  - ’); 
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writeln; 

Hriteln  (’2:  WAIT  for  the  SAS  program  to  solve  the  network,  at  which  time'); 
writeln  ('  you  will  receive  the  following:’); 

writeln  ('  "Job  RUNSAS  (queue  SSASSQUEUE,  entry  ###)  completed"’); 

writeln; 

writeln  (’3:  Type  "type  nsa.log"  (without  quotes)  to  view  the  solution’); 
writeln  (’  and  information  about  the  run.’); 

writeln  (’  Type  "type  nsa.lis"  (without  quotes)  to  view  the  arc  flows’); 
writeln  (’  (only  arcs  with  nonzero  flows  will  be  shown)’); 

writeln; 

writeln  (’4:  If  the  solution  is  not  integer  for  all  arcs  (split  flows),’); 
writeln  (’  -  write  down  all  the  arcs  that  have  flow  on  them;’); 

writeln  (’  -  rerun  the  "areawall"  program,  this  time  choosing  the’); 

writeln  (’  situation  option  #2  (meaning  you  want  to  begin  a  B&B  process).’); 
writeln  (’  -  you  will  be  asked  for  the  arc  name(s)  on  which  to  set  flow.’); 

writeln; 
end.  {areawall} 
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C.3  The  “CELLBORDER”  Pascal  Program 


program  cellborderC input,  output,  rcdata,  optdata,  arcname,  arcdata, 

mdata,  bedata,  bndata,  cdata,  didata,  working,  nsa); 

{ 

This  is  the  final  network  implementation  of  subregion  allocation. 

} 

{ 

Nodes  are  used  to  represent  cells,  cell  borders,  and  connections  between  cells. 

Arcs  flow  from  the  source  to  a  matrix  wall,  to  a  border  wall,  to  a 
connect  wall,  and  from  the  border  and  connect  walls  to  any  of  five  destinations 
depending  on  the  options  the  user  picks  when  running  the  ‘ 'cellborder"  program. 

One  destination  demands  a  flow  equal  to  the  number  of  borders  comprising  the 
subregion  perimeter;  the  second,  the  subregion  internal  cell  row  connections; 
the  third,  the  subregion  internal  cell  coliunn  connections;  the  fourth,  the  sum  of 
the  internal  row  and  column  connections;  and  the  fifth,  the  non-allocated  cell  borders 
Flow  of  4*n  is  supplied  at  the  source  (NODE  S) .  Arcs  of  capcity  4  (no  cost) 
go  from  S  to  the  matrix  wall  cells  (WALL  M),  one  for  each  cell. 

Arcs  of  capacity  1  go  from  the  wall  M  to  the  border  wall  (WALL  B) , 
one  for  each  border  node.  Each  border  node  in  turn  has  one  arc  of  capacity  1 
which  can  carry  flow  to  the  connect  wall  (WALL  C) ,  or  to  one  of  the 
external  destination  nodes  (NODE  DE  or  NODE  DN) .  Only  those  border  nodes 
which  are  not  on  the  matrix  perimeter  can  be  connected  to  wall  C. 

The  connect  nodes  of  wall  C  then  have  one  arc  each  of  capacity  2  which 
flows  into  the  internal  row  connections  destination  node  (NODE  DIR) , 
the  internal  coliunn  connections  destination  node  (NODE  DIC) ,  or  to  the  internal 
connections  destination  node  (NODE  DI) . 

Each  border  node  in  wall  B  represents  a  cell  border;  each  connect  node  in  wall  C, 
a  possible  internal  cell  connection. 

Every  border  of  every  cell  is  accounted  for. 

> 

■C 

The  row/column  format  for  representing  the  working  data  matrix  is 

used  for  the  calculations.  A  return  to  the  sequentially  numbered  matrix  cells 
is  used  for  node  and  arc  names  since  they  cannot  exceed  8  characters  in  length. 

} 

{ 

The  _space  variables  are  used  to  determine  data  character  length  for  file  writing. 

} 

The  following  is  an  explanation  of  the  files  and  what  they  are  used  for; 

rcdata:  holds  the  values  of  the  "rows"  and  "columns"  variables  of  the  matrix; 
optdata:  holds  the  values  of  the  user’s  options,  choices,  and  subregion  area; 
arcname:  holds  the  list  of  arcnames; 

arcdata:  holds  values  indicating  whether  arcs  are  internal  or  external  row 
or  column  arcs; 

mdata:  holds  values  on  the  wall  M  nodes  in  correct  S-to-wall-H  placement; 
bedata:  holds  values  on  the  wall  B  nodes  indicating  their  wall  M  parent 
in  correct  M-to-wall-B  placement; 

bndata:  holds  values  on  the  wall  B  nodes  indicating  their  wall  M  parent 
in  correct  B-to-DN  placement; 


cdata;  holds  values  on  the  wall  C  nodes  indicating  their  wall  B  parents 
in  correct  B-to-wall-C  placement; 

didata:  holds  values  on  the  wall  C  nodes  indicating  their  place  in  the 
arc  list  (arcs  to  the  DIR,  DIG,  or  DI  destinations); 
working:  holds  the  working  file  cost  matrix; 
nsa:  the  SAS  input  file  which  this  program  ultimately  creates. 

Note:  rcdata,  optdata,  and  working  were  created  by  the  subnets  program. 

Note:  arcname,  arcdata,  mdata,  bedata,  bndata,  and  cdata  are  used  in 
the  writing  of  side  constraints. 

} 

type  string  =  packed  array  C1..50,  1..8]  of  char; 
var 

working:  file  of  integer; 

rcdata,  optdata,  arcname,  arcdata,  mdata,  bedata,  bndata, 
cdata,  didata,  nsa:  text; 

bbarc:  string;  {allows  several  arcs  to  have  flows  set} 

bbcopy:  string;  {used  for  determining  position  of  arc  names} 

i,  j,  k,  lineup,  exclude,  per,  introw,  intcol,  inttot,  mnum,  bnum,  cnum,  cellnum, 

mspace,  bspace,  cspace,  rmlcell,  rmlspace,  rplcell,  rplspace,  cmlcell, 

cmlspace,  cplcell,  cplspace, 

cellcopy,  rows,  columns,  subs,  height,  width, 

size,  area,  gmin,  gmax,  option,  choice, 

totarcs,  setarcs,  nomatch,  arctype,  ccount:  integer; 

selection:  array  Cl.. 10]  of  integer;  {for  storing  all  the  user's  SAS  options} 
counter:  array  C1..50]  of  integer;  {for  finding  arc  names  in  the  arcname  file} 
flow:  array  C1..1003  of  integer;  {for  setting  arc  flows  in  B&B  portion} 

cell:  array  C1..100,  1..100]  of  integer; 
arcch:  char; 

sidecon,  needit,  compact,  bbset,  match:  boolean;  {for  constraints  and  options} 
{bbset  indicates  whether  the  user  wants  to  set  flow  in  an  arc} 

begin  {cellborder} 
reset  (rcdata); 
reset  (optdata); 
reset  (working); 

read  (optdata,  option); 
read  (optdata,  choice); 
read  (optdata,  subs) ; 
read  (optdata,  area); 
sidecon  :=  false; 
needit  :=  false; 

compact :=  true;  {the  default  compact  setting  will  be  used  unless  user  changes} 

bbset  :=  false; 

read  (rcdata,  rows); 

read  (rcdata,  coltimns); 

size  :=  (rows)*(columns) ; 


Determine  the  most  compact  subregion  of  the  user's  specified  area. 

The  variables  i  and  j  are  used  to  represent  rows  and  columns, 
but  in  the  end^  no  distinction  (restriction)  is  made  on  the 
orientation  of  the  subregion,  only  on  its  shape  in  terms  of 
perimeter  borders  and  internal  borders.  Of  course,  the  user 
may  always  elect  to  specify  shape  constraints  when  he 
chooses  his  options  from  the  options  list  below. 

Letting  i  and  j  represent  rows  and  coliuans,  sequentially  build 
up  an  artificial  subregion  by  alternately  increasing  i  and  j 
until  its  cirea  equals  or  exceeds  the  user’s  specified  area. 

If  the  artificial  area  exceeds,  then  drop  it  back  down. 

} 

i:=  1; 
j:=  1; 

while  (area>(i*j))  do  if  (i>j)  then  j:=  j+1  else  i:=  i+l; 

if  ((i*j)>area)  then 

begin 

if  (i>j)  then  i:=  i-1  else  j:=  j-l; 
needit:=  true 
end;  {if  (i*j)>area} 

{ 

Deteraine  the  most  compact  border  allocation  scheme  based  on 
the  determined  rectangular  shape  of  the  subregion. 

> 

per:=  2*(i+j); 

inttot  :=  (2*(j-l)*(i))  +  (2*(i-l)*(j)) ; 
exclude  :=  (4*si2e)-(4*area); 

{ 

If  at  first  the  artificial  subregion  had  exceeded  the  user’s 
specified  area,  then,  after  decreasing  the  artificial  subregion, 
there  are  still  left-over  cells  which  need  to  be  connected. 

The  left-over  cells  will  all  fit  on  one  row  (or  column)  since  either 
i  or  j  was  previously  decreased  by  only  1. 

> 

if  needit  then 
begin 

per:=  per+2: 

inttot:=  inttot  +  (2*((2*(area-(i+j)))  -  1)); 
needit :=  false 
end;  {if  needit)- 

{ 

^^*:^*t^l:rt*^i*^^:i^:mt********************** 

y 

for  i  :=  1  to  rows-«-2  do  {read  in  working  file) 

begin 

for  j  :=  1  to  coluans+2  do 
begin 

read  (working,  cellCi,j]) 


{ 

%  ^  He  ^  ^  1):  i|<  sk  4  t  ^  *  It:  1 1 t  *  * 

User  options  determined. 

Variable  selectionCl]  is  used  to  control  the  looping. 

} 

for  i:=  1  to  10  do  selectionCi]  :=  0; 
i:=  1; 

while  (selectionCi] 09)  do 
begin 

for  i:=  1  to  10  do  selectionCi]  :=  0; 

i:=  1; 

writeln; 

writeln  (*******H'H'H<*H'*H'***H'H:H‘H'H'*>h  >****♦***♦>.<+*'); 

writeln  (’Be  sure  you  fully  understand  the  following  directions;’); 

vriteln  (’your  problem  will  NOT  be  solved  correctly  if  you  fail  to’); 

writeln  (’properly  enter  in  your  options.’); 

writeln  (’**********’); 

writeln  (’DIRECTIONS  FOR  SELECTING  AND  ENTERING  OPTIONS:’); 

writeln  (’1)  Decide  which  options  you  wish  to  employ;’); 

writeln  (’2)  Enter  in  the  number(s)  corresponding  to  your  option(s) ; ’) ; 

writeln  (’  and  press  (RETURN]  --  FOR  EACH  OPTION;’); 

writeln  (’  (DO  NOT  enter  in  more  than  one  option  at  a  time’); 

writeln  (’  or  more  than  one  option  number  on  a  line)’); 

writeln  (’3)  After  you  have  entered  in  your  last  option  ...’); 

writeln  (’  —  enter  in  the  option  number  "9"  to  quit;’); 

writeln  (’4)  NOTE:  unless  you  are  experimenting  with  constraints,’); 

writeln  (’  you  MUST  enter  in  at  least  the  following  options:’); 

writeln  (’  Version  1  requires  options  1  and  2’); 

writeln  (’  Version  2  requires  option  5’); 

writeln  (’5)  NOTE:  entering  in  option  selection  "8"  BEFORE  QUITTING’); 

writeln  (’  will  cause  the  options  list  to  re-display  and  will  allow’); 

writeln  (’  you  to  re-select  your  options.’); 

writeln  ('*****1****'); 

writeln  (’The  following  is  your  options  list:’); 
writeln; 

writeln  (’1:  Set  flow  constraints  on  wall-B-to-wall-C  arcs.’); 

writeln  (’  (two  borders  for  each  connector  must  contribute  equally)’); 

writeln  (’2:  ^et  flow  constraints  on  wall-H-to-wall-B  arcs.’); 

writeln  (’  (every  border  of  an  allocated  cell  must  contribute  equally)’); 

writeln  (’  (Not  needed  with  option  5,  below.)’); 

writeln  (’3:  Set  compactness  constraints  on  S-to-wall-M  arcs.’); 

writeln  (’  (minimum  of  two  Ist-order  neighbors  for  each  cell)’); 

writeln  (’  (Infeasible  for  some  subregions  of  odd  area.)’); 

writeln  (’  (Not  needed  with  option  5,  below.)’); 

writeln  (’4:  Set  flow  constraints  relating  S-to-M  arcs  with  B-to-C  arcs.’); 
writeln  (’  (sum  of  C-arcs  of  a  cell  must  be  GE  1/2  the  flow  into  the  cell)’); 
writeln  (’  (Infeasible  for  some  subregions  of  odd  area.)’); 
writeln  (’  (Infeasible  with  option  5,  below.)’); 

writeln  (’5:  Create  the  network  so  that  ALL  matrix  cells  are  accounted  for.’); 
writeln  (’  (the  4th  destination  node  (DN),  wall-B-to-DN  arcs,’); 


writeln  ('  adjusted  source  flows,  and  B-to-DN  contribution  constraints)’): 

writeln  (’6:  Set  subregion  shape  constraints.’); 

writeln  (’  (you  want  a  specified  rectangular  shape  for  your  subregion)’); 
writeln  (’7:  Set  the  flow  on  one  or  more  of  the  arcs.’); 

writeln  (’  (force  a  flow  quantity  on  a  previously  split-flow  solution)’); 
writeln  (’8:  Repeat  the  instructions  and  the  options  list.’); 
writeln  (’  (you  made  a  mistake  and  wish  to  start  over)’); 
writeln  (’9;  DONE.’); 

writeln  (’  (you  have  entered  in  all  the  options  you  want)’); 
writeln  ( '*************+****♦****:*!**+**+***+***') ; 
while  (  (selection[i]<8)  and  (i<10)  )  do 
begin 
i:=  i+1; 

readln  (selection [i] ) 
end  {while  selection<8  ...} 
end;  {while  select ion<>9} 


for  i:=  1  to  10  do  if 

(  (selection [i]<6)  or  (selection[i]=7)  )  then  sidecon  :=  true; 

{side  constraints  are  needed} 


:|c  if:  4;  ifc  ifc  :t;  Iff  sfcfc  9t;  3(c  3|c  :4c  ^ 

Total  network  arcs  depends  on  the  network  formulation  chosen 


total  network  arcs  =  the  number  of  arcs  from  S  to  wall  M  =  (size) 

plus  arcs  from  wall  M  to  wall  B  =  1  for  each  cell  border  =  (4*size) 

plus  arcs  from  wall  B  to  wall  C  =  total  matrix  neighbor  count  = 

2  for  each  corner  cell,  3  for  each  non-corner  perimeter  cell,  and 
4  for  all  internal  cells  =  (2*4)  +  (3*2*(rows-2))  +  (3*2*(columns-2)) 

+  (4*(rows-2)*(columns-2))  = 

=  (  8  +  6*[(rows-2)+(columns-2)]  +  4*(rows-2)*(columns-2)  = 

=  every  cell  border  arc  except  those  on  the  matrix  perimeter  = 

=  (  (4*size)  -  (2*rows)  -  (2*columns)  ) 

plus  arcs  to  the  destinations  DE,  (DIR  and  DIC),  or  DI. 

=  the  number  of  arcs  to  wall  B  plus  1/2  those  to  wall  C 

=  (  (4*size)  +  (2*size)  -  rows  -  column  ) 

therefore,  the  total  number  of  network  arcs  is: 

(15*size)  -  3*rows  -  3*columns. 

If  the  alternate,  destination  node  DN,  formulation  was  chosen,  then  the 
total  number  of  network  arcs  is  increased  by  4+size  (border  nodes  to  DN). 

} 

totarcs  :=  (15*size)  -  (3*rows)  -  (3*colurans); 

for  i:=  1  to  10  do  if  (selection [i] =5)  then  needit  ;=  true; 

if  needit  then  totarcs  :=  totarcs  +  (4*size) ; 

needit  :=  false; 

{ 

^  ;fc  ,fc  :1e  t  ^  ^  *  *  3f:  :f;  t  3f:  if:  :<(  :f:  4:  ^  :f:  :tc  t  )|c  :f:  :f(  :f:  4c  *  *  4:  *  * 

} 

for  i:=  1  to  10  do  if  (selection [i] =6)  then  needit  :=  true; 

if  needit  then 

begin 
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compact :=  false;  {the  default  compact  setting  will  not  be  used} 

height  :=  0; 
width  :=  0; 

while  (  (height<l)  or  (height>rows)  or  (width<l)  or  (width>columns) 
or  ((height*width)<>area)  )  do 
begin 
writeln; 

writeln  ( ’  **+**********+****+!i!****!(c*i(-*j(c:t:*+*++****  > ) ; 

writeln  ('Your  subregion  size  cannot  exceed  your  matrix  size;'); 

writeln  ('Your  subregion  height  and  width  must  equal'); 

writeln  ('  your  subregion  area.'); 

writeln; 

writeln  ('Enter  in  your  subregion  height.'); 

readln  (height); 

writeln; 

writeln  ('Enter  in  your  subregion  width.'); 
readln  (width) 
end;  {while  height  . . .  } 

per;=  2*(height+width) ;  {set  subregion  border  characteristics} 

introw  :=  2*(width-l)=tc(height) ;  {based  on  user  inputs} 

intcol  :=  2*(height-l)*(width) ; 
exclude  ;=  (4+size)-(4*area) ; 
needit:=  false 
end;  {if  needit} 

{ 

****!|‘**!|t*******!(t**  +  l|‘*****  +  *****!|l**l|!l|!*** 

B&B  side  constraint,  setting  flow  for  arcs,  if  needed. 

} 

for  i:=  1  to  10  do  if  (selectionCi]=7)  then  needit  :=  true; 

if  needit  then  {B&B  user  inputs  are  required} 

begin 

setarcs  :=  0; 

for  i  :=  1  to  100  do  flowCi]  :=  0; 

bbset  :=  true; 

writeln; 

writeln  ('**♦****+*****+**♦♦*♦+♦**♦**♦♦********+♦ > ) ; 
writeln  ('How  many  arcs  need  to  have  their  flow  set?'); 
while  (  (setarcs<l)  or  (setarcs>50)  )  do 
begin 

writeln  ('(the  number  must  be  greater  than  O'); 
writeln  ( '  and  should  not  exceed  50) . ' ) ; 
writeln; 

readln  (setarcs) 
end;  {while  setarcs} 

for  i  :=  1  to  SO  do  for  j  1  to  8  do  bbarcCi,j]  :=  '  '; 
writeln; 

writeln  ('****♦**+  ENTER  IN  YOUR  ARC  INFORMATION  **♦****♦'): 
writeln  ('  *%+***,t'  BE  VERY  CAREFUL  !!  ♦**♦***.'); 

writeln  (' —  Type  the  first  arc  name  and  press  [RETURN]'); 
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writeln  (’ - then  type  the  flow  you  want  on  that  arc  and  press  [RETURN]'); 

writeln  (' —  Type  the  second  arc  name  (if  any)  and  press  [RETURN]’); 

writeln  (’ - then  type  the  flow  you  want  on  the  second  arc  and  press  [RETURN]’); 

writeln  (’ —  ...  and  so  on  for  the’,  setarcs:3,  ’  arc(s).’); 

writeln  (’*******♦’); 

writeln; 

for  i  :=  1  to  setarcs  do 
begin 

readln  (bbarc[i]);  {read  in  arc  nameCs)} 

readln  (flow[i])  {and  desired  flow} 

end;  {for  i} 

arcch  :=  ’  ’; 

k  :=  0;  {infinite  loop  preventer} 

while  (  (arcch  =  ’  ’)  and  (k<10)  )do  {move  spaces  in  name  (if  any)  to  rear;} 
begin  {in  other  words,  left  justify  the  arc  name} 

k  :=  k+1; 

for  i  :=  1  to  setarcs  do 
begin 

arcch  :=  bbarc[i,l]; 
if  arcch  =  ’  ’  then 
begin 

for  j  :=  1  to  7  do  bbarc[i,j]  :=  bbarc[i, j+1] ; 
bbarc [i , 8]  : =  arcch 
end  {if  arcch} 
end  {for  i} 
end;  {while  arcch} 
needit:=  false 
end;  {if  needit} 

{ 

♦  *:)t***#*!|c+**+)|!t********+**********+**** 

Create  SAS  file  NSA.DAT  composed  of  node  info,  arc  info,  and  side  constraints. 

Frame  cells  will  not  be  in  the  network. 

Periods  represent  coefficients  of  0. 

} 

rewrite  (nsa) ; 
rewrite  (arcname) ; 
rewrite  (arcdata) ; 
rewrite  (radata) ; 
rewrite  (bedata) ; 
rewrite  (bndata) ; 
rewrite  (cdata) ; 
rewrite  (didata) ; 

writeln  (nsa,  ’data  noded: ’) , 

writeln  (nsa,  ’  inpuu  _node_$  _sd_;’); 

writeln  (nsa,  ’  cards;’); 

for  i:=  1  to  10  do  if  (selection [i] =5)  then  needit :=  true; 
if  needit  then  area:=size; 
needit :=  false; 


{to  get  negative  demand  values} 


writeln  (nsa,  'S  4*area:5); 
writeln  (nsa,  ’DE  (0-per);5); 
if  compact 

then  writeln  (nsa,  ’DI  ’,  (0-inttot) :5) 
else  begin 

writeln  (nsa,  ’DIR  ’,  (0-introw) :5) ; 
writeln  (nsa,  'DIG  ’,  (0-intcol) :5) 
end;  {if  compact,  else} 
for  i:=  1  to  10  do  if  (selection [i] =5)  then  needit  :=  true; 
if  needit  then  writeln  (nsa,  ’DN  ’,  (0-exclude) :5) ; 
needit  :=  false; 
writeln  (nsa, 

writeln  (nsa,  'data  arcd;’); 

writeln  (nsa,  ’input  _from_$  _to_$  _cost_  _capac _ name_$;’); 

writeln  (nsa,  ’cards;’); 

{ 

4:  :4c  :(c  !)c He  ^  :1c,):  :tc  t  3):  1 


Write  to  the  data  files  the  arc  info  from  S  to  wall  K. 

Capacities  on  these  arcs  are  4  each,  1  unit  for  each  border  node. 

} 

mspace  :=  1;  {cell  character  width} 

for  i  :=  2  to  rows+1  do 

begin 

for  j  :=  2  to  columns+1  do 
begin 


mnum  :=  (((i-i)*(columns+2))+j) ;  {determine  current  cell} 
if  mnum  >  9  then  mspace  :=  2;  {adjust  character  width  if  need  bo} 
if  mnum  >  99  then  mspace  :=  3; 


write  (nsa,  ’S  ’,  ’m’ ,mnum:raspace) ; 
writeln  (nsa,  ’  .  4  Sm’ ,mnum:mspace) ; 

writeln  (arename,  ’Sm’ ,mnum:mspace) ; 
writeln  (aredata,  ’8888’); 
writeln  (mdata,  mnum); 

writeln  (bedata,  ’8888’);  {cannot 

writeln  (bndata,  ’8888’);  {cannot 

writeln  (edata,  ’8888’);  {cannot 

writeln  (didata,  ’8888’) 


{neither  a  row  nor  column  arc} 
{used  for  compactness  constraints} 
be  used  for  contiguity  constraints} 
be  used  for  contiguity  constraints} 
be  used  for  contiguity  constraints} 
{not  a  Dl-typc  arc} 


end  {for  j} 
end;  {for  i} 

{ 

^ :4c :|c  :4::tc  :4c ***  4:  :|<  4: 4c  4:  * 


Write  the  arc  info  from  wall  M  to  wall  B,  from  wall  B  to  wall  C 
and  from  walls  B  and  C  to  their  respective  destinations: 

The  B-wall  nodes  are  sequentially  numbered  clockwise,  around  each  cell, 
4  for  each  H-wall  cell. 

Capacities  on  the  M-to-wall-B  arcs  are  limited  to  1 . 
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The  C-wall  nodes  are  numbered  and  ordered  the  same  way  if  they  exist. 

Capacities  on  the  B-to-sall-C  arcs  are  limited  to  1. 

The  cost  checking  of  neighbor  cells  for  frame  cells  determines  if  a 
connector  node  exists. 

Arc  types  are  based  on  whether  the  arcs  carry  flow  within  a  row  or  within  a 
column  and  are: 

l=neighbor  row;  2=neighbor  col;  3=internal  row;  4=internal  col. 

} 

mspace  :=  1;  {cell  character  widths} 

rmlspace  :=  1; 

cplspace  :=  1; 

rplspace  :=  1; 

cmlspace  :=  1; 

ccount  :=  0;  {keeps  tally  of  internal  connector  nodes} 

for  i  :=  2  to  rows+1  do 
begin 

for  j  ;=  2  to  columns+1  do 
begin 

mnum  :=  (  ((i-l)*(coliunns+2))+j  );  {determine  current  cell  and  nodes} 

bnum  :=  (  ((i-2)*( columns))  +  (j-1)  ); 

rmlcell  :=  ((bnum-l)*4)  +  1; 

cplcell  :=  ((bnum-l)*4)  +  2; 

rplcell  :=  ((bnum-l)*4)  +  3; 

cralcell  :=  ((bniun-l)*4)  +  4;  ’ 


if  mnum  >  9  then  mspace  :=  2;  {adjust  character  I'idths  if  need  be} 

if  mnum  >  99  then  mspace  :=  3; 

if  rmlcell  >  9  then  rmlspace  :=  2; 

if  rmlcell  >  99  then  rmlspace  :=  3;  ; 

if  cplcell  >  9  then  cplspace  :=  2; 

if  cplcell  >  99  then  cplspace  :=  3; 

if  rplcell  >  9  then  rplspace  :=  2; 

if  rplcell  >  99  then  rplspace  :=  3; 

if  cmlcell  >  9  then  cmlspace  :=  2; 

if  cmlcell  >  99  then  cmlspace  :=  3; 

{ 

Write  the  arc  info  to  files  NSA,  arcname,  arcdata,  mdata,  bedata,  bndata,  cdata. 

Wall  M  to  wall  B. 

} 

write  (nsa,  ’m' ,mnum: mspace, ’  ’ , 'b' ,rmlcell:rmlspace) ; 

write  (nsa,  ’  .  1  ’): 

writeln  (nsa,  'm’ ,ranum:mspace, ’b’ ,rmlcell:rmlspace) ; 
writeln  (arcname,  'm' ,mnum:mspace, 'b' ,rmlcell;rmlspace) ; 

writeln  (arcdata,  '2');  {neighbor  column  arc} 

writeln  (mdata,  '8888'): 
writeln  (bedata,  bnum); 
writeln  (bndata,  '8888'); 


writeln  (cdata,  '8888’): 
Mriteln  (didata,  ’8888’); 


{not  a  Dl-type  arc} 


{ 

Wall  B  to  DE. 

> 

write  (nsa,  ’b’ ,rmlcell:rmlspace, ’  DE’,  cellCi,j];4,  ’  1  ’); 

writeln  (nsa,  ’b’ ,rmlcell:rinlspace, ’DE’) ; 
writeln  (arcname,  ’b’ ,rmlcell:rralspace, ’DE’) ; 

writeln  (arcdata,  ’8888’)';  {not  any  kind  of  row  or  colnmn  arc} 

writeln  (mdata,  ’8888’); 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  ’8888’); 
writeln  (cdata,  ’8888’); 

writeln  (didata,  ’8888’);  {not  a  Dl-type  arc} 

{ 

Wall  B  to  DN  (if  needed). 

} 

for  k:=  1  to  10  do  if  (selection [k] =5)  then  needit  :=  true; 

if  needit  then 

begin 

write  (nsa,  ’b’ ,rmlceir:rmlspace, ’  DN  .  1  ’); 

writeln  (nsa,  ’b’ ,nnlcell:rmlspace, ’DN’) ; 
writeln  (arcname,  ’b’ ,rmlcell:rmlspace, ’DN’) ; 

writeln  (arcdata,  ’8888’);  {not  any  kind  of  row  or  column  arc} 

writeln  (mdata,  ’8888’)'; 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  bnum) ; 
writeln  (cdata,  ’8888’); 

writeln  (didata,  ’8888’);  {not  a  Dl-type  arc} 

needit :=  false 
end;  {if  needit} 

{ 

Wall  B  to  Wall  C  and  Wall  C  to  DI/DIR/DIC,  if  required. 

} 

if  (cell [i-l,j] 0888)  then  {the  rpl  connector  of  the  above  cell  is  used} 

begin 

cspace:=  1; 

cnum  :=  (  (i-3)*(2*(columns-l)+l)  +  (2*(j-2))  +  2); 
if  j=(columns+l)  then  cnum  :=  cnum-1; 
if  cnum  >  9  then  cspace  :=  2; 
if  cnum  >  99  then  cspace  :=  3; 

write  (nsa,  ’b’ ,rmlcell:rmlspace, ’  ’ , ’c’ ,cnum:cspace) ; 

write  (nsa,  cell[i,j3:4,  ’  1  ’); 

writeln  (nsa,  ’b’ ,rmlcell:rmlspace, ’c’ , cnum: cspace) ; 
writeln  (arcname,  ’b’ ,rmlcell:rmlspace, ’c’ , cnum: cspace) ; 

writeln  (arcdata,  ’4’);  {internal  column  arc} 

writeln  (mdata,  ’8888’); 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  ’8888’); 

writeln  (cdata,  cnum);  {used  for  contiguity} 

writeln  (didata,  ’8888’)  {not  a  Dl-type  arc} 


end;  {if  cellCi-l,j]} 

{ 

Wall  M  to  wall  B. 

> 

write  (nsa,  'm’ ,mnum:mspace, '  ’ , 'b’ ,cplcell:cplspace); 

write  (nsa,  '  .  1  '): 

writeln  (nsa,  'm’ ,ninuin:mspace, 'b' ,cplcell:cplspace) ; 
writeln  (arcname,  'm' ,mnum:mspace, 'b' ,cplcell:cplspace) ; 

writeln  (arcdata,  ’1'):  {neighbor  row  arc> 

writeln  (mdata,  '8888'); 

writeln  (bedata,  bnum) ; 

writeln  (bndata,  '8888'); 

writeln  (cdata,  '8888'); 

writeln  (didata,  '8888');  {not  a  Dl-type  arc} 

{ 

Wall  B  to  DE. 

} 

write  (nsa,  'b' ,cplcell:cplspace, '  DE',  cell[i,j]:4,  '  1  '); 

writeln  (nsa,  'b' ,cplcell:cplspace, 'DE') ; 
writeln  (arcname,  'b' ,cplcell:rmlspace, 'DE') ; 

writeln  (arcdata,  '8888');  {not  any  kind  of  row  or  column  arc} 

writeln  (mdata,  '8888'); 

writeln  (bedata,  '8888');  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  '8888'); 
writeln  (cdata,  '8888'); 

writeln  (didata,  '8888');  {not  a  Dl-type  arc} 

{ 

Wall  B  to  DN  (if  needed). 

} 

for  k:=  1  to  10  do  if  (selection [k] =5)  then  needit  :=  true; 

if  needit  then 

begin 

write  (nsa,  'b' ,cplcell:cplspace, '  DN  .  1  '); 

writeln  (nsa,  'b' ,cplcell:cplspace, 'DN') ; 
writeln  (arcname,  'b' ,cplcell:cplspace, 'DN') ; 

writeln  (arcdata,  '8888');  {not  any  kind  of  row  or  column  arc} 

writeln  (mdata,  '8888'); 

writeln  (bedata,  '8888');  {cannot  be  used  for  contiguity  consti'>ints} 

writeln  (bndata,  bnum) ; 
writeln  (cdata,  '8888'); 

writeln  (didata,  '8888');  {not  a  Dl-type  arc} 

needit  :=  false 
end;  {if  needit} 

{ 

Wall  B  to  Wall  C  and  Wall  C  to  DI/DIR/DIC,  if  required. 

} 

if  (cellCi, j+l]<>888)  then  {a  connector  is  needed} 

begin 

ccount  :=  ccount+1; 
cspace:=  1; 

cnum  :=  (  (i-2)*(2*(columns-l)+i)  +  (2*(j-2))  +  1); 


if  i=(roMS+l)  then  cnum  :=  cnuin-(j-2); 
if  cnum  >  9  then  cspace  :=  2; 
if  cnum  >  99  then  cspace  :=  3; 

write  (nsa,  'b' ,cplcell:cplspace, ’  ’c’ ,cnum: cspace) ; 

write  (nsa,  cellCi,j]:4,  '  1  '); 

writeln  (nsa,  ’b’ ,cplcell:cplspace, 'c’ , cnum: cspace) ; 
writeln  (arcname,  ’b’ ,cplcell:cplspace, 'c’ ,cnum:cspace) ; 

writeln  (arcdata,  ’3');  {internal  row  arc> 

writeln  (mdata,  '8888’); 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  ’8888’); 

writeln  (cdata,  cniun);  {used  for  contiguity} 

writeln  (didata,  ’8888’);  {not  a  Dl-type  arc} 

if  compact 
then  begin 

write  (nsa,  ’c’ ,cnum: cspace, ’  DI  .  2  ’); 

writeln  (nsa,  ’c’ ,cnum:cspace, ’DI’) ; 
writeln  (arcname,  ’c’ ,cnum:cspace,’DI’) 
end  {if  compact,  then} 
else  begin 

write  (nsa,  ’c’ , cnum: cspace, ’  DIR  .  2  ’); 

writeln  (nsa,  ’c’ , cnum: cspace, ’DIR’); 
writeln  (arcname,  ’c’ ,cnum:cspace, ’DIR’) 
end;  {if  compact,  else} 

writeln  (arcdata,  ’8888');  {not  any  kind  of  row  or  column  arc} 

writeln  (mdata,  ’8888’); 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  ’8888’); 
writeln  (cdata,  ’8888’); 

writeln  (didata,  cnum)  {not  a  Dl-type  arc} 

end;  {if  cellCi,j+l]} 

{ 

Wall  M  to  wall  B. 

} 

write  (nsa,  ’m’ ,mnum:mspace, ’  ’ , ’b’ ,rplcell:rplspace) ; 

write  (nsa,  ’  .  1  ’); 

writeln  (nsa,  ’m’ ,mnum:mspace, ’b’ ,rptcell:rplspace) ; 
writeln  (arcname,  ’m’ ,mnum:mspace, ’b’ ,rplcell:rplspace) ; 

writeln  (arcdata,  ’2’);  {neighbor  column  arc} 

writeln  (mdata,  ’8888’); 

writeln  (bedata,  bnum); 

writeln  (bndata,  ’8888’); 

writeln  (cdata,  ’8888’); 

writeln  (didata,  ’8888’);  {not  a  Dl-type  arc} 

{ 

Wall  B  to  DE. 

} 

write  (nsa,  ’I ’ ,rplcell:rplspace, ’  DE’ ,  cellCi,j]:4,  ’  1  ’); 

writeln  (nsa,  ’b’ ,rplcell:rplspace, ’DE’) ; 
writeln  (arcname,  ’b’ ,rplcell:rplspace, ’DE’) ; 


Kriteln  (arcdata,  ’8888’):  -Cnot  any  kind  of  row  or  column  arc} 

writeln  (mdata,  ’8888’); 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  ’8888’); 
writeln  (cdata,  ’8888’); 

writeln  (didata,  ’8888’);  {not  a  Dl-type  arc} 

{ 

Hall  B  to  DN  (if  needed). 

} 

for  k:=  1  to  10  do  if  (selectionCk]=5)  then  needit  :=  true; 

if  needit  then 

begin 

write  (nsa,  ’b’ ,rplcell:rplspace, ’  DN  .  1  ’); 

writeln  (nsa,  ’b’ ,rplcell:rplspace, ’DN’) ; 
writeln  (arcname,  ’b’ ,rplcell:rplspace, ’DN’) ; 

writeln  (arcdata,  ’8888’);  {not  any  kind  of  row  or  column  arc} 

writeln  (mdata,  ’8888’); 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  bnum) ; 
writeln  (cdata,  ’8888’); 

writeln  (didata,  ’8888’);  {not  a  Dl-type  arc} 

needit  :=  false 
end;  {if  needit} 

{ 

Wall  B  to  Wall  C  and  Wall  C  to  DI/DIR/DIC,  if  required. 

} 

if  (cell [i+l,j] 0888)  then  {a  connector  is  needed} 

begin 

ccount  :=  ccount+1; 
cspace:=  1; 

cnum  :=  (  (i-2)+(2*(columns-l)+l)  +  (2*(j-2))  +  2); 
if  j=(columns+l)  then  cnum  :=  cnum-1; 
if  cnum  >  9  then  cspace  :=  2; 
if  cnum  >  99  then  cspace  ;=  3; 

write  (nsa,  ’b’ ,rplcell:rplspace, ’  ’ , ’c’ ,cnum:cspace) ; 

write  (nsa,  cellCi,3]:4,  ’  1  ’); 

writeln  (nsa,  ’b’ ,rplcell:rplspace, ’c’ ,cnum:cspace); 
writeln  (arcname,  ’b’ ,rplcell:rplspace, ’c’ ,cnum:cspace) ; 

writeln  (arcdata,  ’4’);  {internal  column  arc} 

writeln  (mdata,  ’8888’); 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  ’8888’); 

writeln  (cdata,  cnum);  {used  for  contiguity} 

writeln  (didata,  ’8888');  {not  a  Dl-type  arc} 

if  compact 
then  begin 

write  (nsa,  ’c' , cnum: cspace, ’  DI  .  2  ’); 

writeln  (nsa,  ’c’ ,cnum:cspace, ’DI’) ; 
writeln  (arcname,  ’c’ , cnum: cspace, ’DI’) 
end  {if  compact,  then} 
else  begin 


write  (nsa,  ’c’ ,cnum:cspace, '  DIC  .  2  '); 

writeln  (nsa,  ’c’ ,cnum:cspace, ’DIC’ ) I 
writeln  (arcname,  ’c’ ,cnum:cspace, ’DIC’) 
end;  {if  compact;  else> 

writeln  (arcdata,  ’8888’);  {not  any  kind  of  row  or  column  arc} 

writeln  (mdata,  ’8888’); 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  ’8888’); 
writeln  (cdata,  ’8888’); 

writeln  (didata,  cnum)  {not  a  Dl-type  arc} 

end;  {if  cellCi+l,j3} 

{ 

Wall  M  to  wall  B. 

} 

write  (nsa,  ’m’ ,mnura:mspace, ’  ’ , ’b’ ,cmlcell:cmlspace) ; 

write  (nsa,  ’  .  1  ’); 

writeln  (nsa,  ’m’ ,mnum:mspace, ’b’ ,cmlcell:cmlspace) ; 
writeln  (arcname,  ’m’ ,mnum:mspace, ’b’ ,cmlcell:cmlspace) ; 

writeln  (arcdata,  ’!’);  {neighbor  row  arc} 

writeln  (mdata,  ’8888’); 

writeln  (bedata,  bnufa); 

writeln  (bndata,  ’8888’); 

writeln  (cdata,  '8888'); 

writeln  (didata,  ’8888’);  {not  a  Dl-type  arc} 

{ 

Wall  B  to  DE. 

} 

write  (nsa,  ’b’ ,cmlcell:cmlspace, ’  DE’,  cell[i,j]:4,  ’  1  ’); 

writeln  (nsa,  ’b’ ,cmlcell:cmlspace, ’DE’) ; 
writeln  (arcname,  ’b’ ,cmlcell:cralspace, ’DE’); 

writeln  (arcdata,  ’8888’);  {not  any  kind  of  row  or  column  arc} 

writeln  (mdata ,  ’ 8888 ’ ) ; 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  ’8888’); 
writeln  (cdata,  ’8888’); 

writeln  (didata,  ’8888’);  {not  a  Dl-type  arc} 

{ 

Wall  B  to  DN  (if  needed) . 

} 

for  k:=  1  to  10  do  if  (selection Ek] =5)  then  needit  :=  true; 

if  needit  then 

begin 

write  (nsa,  ’b’ ,cmlcell:cralspace, ’  DN  .  1  ’); 

writeln  (nsa,  ’b’ ,cralcell:cralspace, ’DN’) ; 
writeln  (arcname,  ’b’ ,cmlcell:cmlspace, ’DN’) ; 

writeln  (arcdata,  ’8888’);  {not  any  kind  of  row  or  column  arc} 

writeln  (mdata,  ’8888’); 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  bnum); 
writeln  (cdata,  ’8888’); 

writeln  (didata,  ’8888’);  {not  a  Dl-type  arc} 


needit  :=  false 
end;  -[if  needit} 

Wall  B  to  Wall  C  and  Wall  C  to  DI/DIR/DIC,  if  required. 

} 

if  (cellCi, j-l]<>888)  then  {the  cpl  connector  of  the  left  cell  is  used} 

begin 

cspace:=  1; 

cnura  :=  (  (i-2)*(2*(colunms-l)+l)  +  (2*(j-3))  +  1); 
if  i=(roHs+l)  then  cnura  :=  cnura-(j-3); 
if  cnura  >  9  then  cspace  :=  2; 
if  cnura  >  99  then  cspace  :=  3; 

write  (nsa,  'b' ,cmlcell:cmlspace, ’  ’ , 'c' ,cnum:cspace) ; 

write  (nsa,  cellCi,j]:4,  ’  1  ’); 

writeln  (nsa,  ’b’ ,cralcell:cmlspace, ’c’ ,cnum:cspace) ; 
writeln  (arcneune,  'b’ ,cralcell:cmlspace, ’c’ , cnura: cspace); 

writeln  (arcdata,  ’3'):  {internal  row  arc} 

writeln  (mdata,  ’8888'): 

writeln  (bedata,  ’8888’);  {cannot  be  used  for  contiguity  constraints} 

writeln  (bndata,  ’8888’); 

writeln  (cdata,  cnura) ;  {used  for  contiguity} 

writeln  (didata,  ’8888’)  {not  a  Dl-type  arc} 

end  {if  cell[i,j-l]} 
end  {for  j} 
end;  {for  i} 

writeln  (nsa,  ’;’); 

{ 

♦  ♦♦♦♦******  +  *!|t*****  +  ***=|t:(t:*!+j)e!(e*!)c****!|l*** 

SIDE  CONSTRAINTS  SECTION 

All  arcs  will  be  listed  since  different  constraints  may  utilize  different  arcs. 


} 

if  sidecon  then  {side  constraints  of  some  kind  are  needed} 

begin 

reset  (arcname) ; 

writeln  (nsa,  ’data  cond;’); 
writeln  (nsa,  ’input’); 
j  :=  1: 

for  i  :=  1  to  totarcs  do 
begin 

bbcopy  Cl]  :  =  ’  ’ ; 

readln  (arcname,  bbcopy Cl]); 


{10  at  a  tirae} 
{list  all  arcs} 

{clear  the  variable} 


write  (nsa,  bbcopyCl],  ’  ’); 


j  :=  j+1; 
if  j>10 
then  begin 
j  :=  1; 
writeln  (nsa) 
end  {if  j ,  then} 
end;  {for  i> 

writeln  (nsa,  ’_type_$  _rhs_;’): 
writeln  (nsa,  ’ cards ; ' ) : 

{ 

If  arc-setting  is  required... 

> 

for  i:=  1  to  10  do  if  (selection[i]=7)  then  needit  :=  true; 

if  needit  then  {B&B  user  inputs  are  required} 

begin 

{ 

Note:  the  file  arcname  will  be  searched  until  a  match  is  made  with  the  bbarc(s) . 

There  will  be  one  additional  side  constraint  for  every  arc  flow  that  is  set. 

There  will  be  coefficients  of  0  for  all  arcs  except  the  B&B  arc(s)  whose  coef  =  1. 

} 

nomatch  :=  0;  {  used  to  keep  track  of  no  matches  } 

for  i  :=  1  to  setarcs  do 

begin 

bbset  :=  true; 

counter [i]  :=  0;  {will  indicate  which  arc  needs  to  be  set  to  1} 

reset  (arcname) ; 

while  (  (not  eof (arcname)  )  and  (bbset)  )  do  {until  a  match  is  found...} 
begin 

counter Ci]  :=  counter Ci]+1; 
readln  (arcname,  bbcopyCi]); 
if  (bbcopyCi]  =  bbarcCi])  then  bbset  :=  false 
end;  {while  not  eof  . . .} 

if  (bbset)  then  {if  the  arc  wasn’t  found  ...  } 

begin 

counter Ci]  :=  0;  {  reset  so  that  the  last  arc  is  not  flagged  } 

nomatch  :=  nomatch+1; 

writeln; 

writeln  ( ’  ***********’i''******i'*****<'i'*************+***>i'  ’ ) ; 
writeln; 

writeln  (’Arcname  ’,  bbarcCi],’  was  not  found.’); 
writeln  (’You  may  re-run  the  "sasfile"  program  if  you  still’); 
writeln  (’need  to  set  the  flow  on  the  arcs.’) 
end  {if  bbset} 
end;  {for  i} 

{ 

Write  the  necessary  B&3  side  constraint  to  set  the  flow  on  the  given  arcs. 

} 

for  i  :=  1  to  setarcs  do 
begin 
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if  counter Ci]<>0  -[if  the  arc  was  indeed  found  in  the  list  . . .  } 

then  begin 

lineup  :=  1; 

for  j  :=  1  to  (counterCil-l)  do 

begin  -(zero  coefficients  prior  to  the  arc} 

write  (nsa,  ’); 
lineup  :=  lineup+1; 
if  lineup>40  then 
begin 

writeln  (nsa); 
lineup  :=  1 
end  {if  lineup} 
end;  {for  j} 

write  (nsa,  '1  ’);  {write  the  coefficient  for  the  arc} 

lineup  :=  lineup+1; 
if  lineup>40  then 
begin 

writeln  (nsa) ; 
lineup  :=  1 
end;  {if  lineup} 

for  j  :=  1  to  (totarcs-counterCi])  do 

begin  {zero  coefficients  after  the  arc} 

write  (nsa,  ».  '): 
lineup  :=  lineup+1; 
if  lineup>40  then 
begin 

writeln  (nsa); 
lineup  :=  1 
end  {if  lineup} 
end;  {for  j} 

writeln  (nsa,  ’EQ  ’,  flowCi3:4); 
writeln  (nsa) 
end  {if  counter} 
end;  {for  i} 
needit:=  false 
end;  {if  needit} 

writeln  ( ’ ' ) ; 
writeln; 

writeln  ('Creating  the  SAS  input  file  ...  please  wait’); 
writeln; 

{ 

Write  the  contiguity  constraints  if  needua 

The  first  set  establishes  the  fact  that  2  adjacent  borders  oust  have  1  unit  of 
flow  each  go  into  their  shared  cnode,  their  connector  node. 

The  cdata  file  contains  the  list  of  cnodes. 

} 

for  i:=  1  to  10  do  if  (selection Ci]=l)  then  needit  :=  true; 
if  needit  then 
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{once  thru  for  each  internal  connector  node} 


begin 

for  i  :=  1  to  ccount  do 
begin 

k  :=  1;  {keeps  track  of  which  "1"  coef  gets  the  negative  sign} 

reset  (cdata); 
lineup :=  1; 

for  j  :=  1  to  totarcs  do  {s-'arch  thru  entire  cdata  file} 

begin 

readln  (cdata,  cnum) ;  {get  stored  cnumber  from  file  cdata} 

if  (  (cnum  =  i)  and  (k  =  1)  ) 
then  begin 

write  (nsa,  '1  ’): 
k  :=  -k 

end  {if  cnum. . . ,  then} 
else  begin 

if  (  (cnum  =  i)  and  (k  =  -1)  ) 
then  begin 

write  (nsa,  ’-1  ’): 
k  :=  -k 

end  {if  cnum...,  else;  if  cnum...,  then} 
else  write  (nsa,  ’.  ’) 
end;  {if  cnum  ....  else} 
lineup  :=  lineup+1; 
if  lineup>40  then 
begin 

writeln  (nsa) ; 
lineup  :=  1 
end  {if  lineup} 
end;  {for  j} 
writeln  (nsa,  ’EQ  O’); 
writeln  (nsa) 
end;  {for  i} 
needit:=  false 
end;  {if  needit} 

{ 

The  second  set  establishes  the  fact  that  for  any  border  of  any  cell  to  count 
as  either  a  subregion  external  or  internal  border,  all  borders  of  that  cell 
must  count  as  one  or  the  other;  there  must  be  a  flow  of  4  or  0  into  each  cell. 

The  bedata  file  contains  the  list  of  bnums. 

} 

for  i:=  1  to  10  do  if  (selectionCi]=2)  then  needit  :=  true; 
if  needit  then 


begin 

for  i  :=  1  to  (size)  do  {once  thru  for  each  cell  (each  bnum)  } 

begin 
k  :=  1; 

for  ccount  ;=  1  to  3  do  {3  constraints  total  for  the  4  cell  borders} 

begin 

reset  (bedata); 
lineup :=  1; 

for  j  ;=  1  to  totarcs  do  {read  thru  entire  list  stored  in  file  bedata} 
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begin 

readln  (bedata,  bnum);  {get  stored  bnumber  from  file  bedata} 

if  (bnum  =  i)  then 

begin 


case 

k  of 

1 

write 

(nsa. 

'1  ’); 

2 

write 

(nsa. 

'1  ’): 

3 

write 

(nsa. 

'-1  ’): 

4 

write 

(nsa. 

'-1  '); 

5 

write 

(nsa. 

’1  '): 

6 

write 

(nsa. 

’-1  '); 

7 

write 

(nsa, 

'1  '): 

8 

write 

(nsa. 

’-1  '); 

9 

write 

(nsa. 

'1  ’); 

10 

write 

(nsa. 

'-1  '): 

11 

write 

(nsa, 

'-1  ’); 

12 

write 

(nsa. 

'1  ') 

end; 

{case} 

k  :  = 

k+1 

end  {if  bnum. 

then} 

else  write  (nsa,  ’): 
lineup  :=  lineup+1; 
if  lineup>40  then 
begin 

writeln  (nsa) ; 
lineup  :=  1 
end  {if  lineup} 
end;  {for  j} 
writeln  (nsa,  'EQ  O'); 
writeln  (nsa) 
end  {for  c count} 
end;  {for  i} 
needit:=  false; 
end;  {if  needit} 

{ 

til'll*  t*********t*’l<******  +  ****!t:*t4<*t* 

Write  the  compactness  constraints,  if  needed. 

-2  is  the  coefficient  for  the  source  arc  to  the  current  cell 

and  a  1  is  the  coefficient  for  the  source  arcs  to  the  cell  neighbors. 
All  other  arcs  will  have  coefficients  of  0 
The  file  mdata  is  searched  for  cell  and  neighbor  matches 
to  know  where  to  properly  place  the  coefficients  . 

} 

for  i:=  1  to  10  do  if  (£election[i]=3)  then  needit  :=  true; 
if  needit  then 
begin 

for  i  :=  2  to  rows+1  do 
begin 

for  j  :=  2  to  columns+1  do 


{for  each  matrix  cell  . . .  } 


begin 

reset  (mdata) ; 
lineup  :=  1; 

mnum  :=  (((i-l)*(coluinns+2))+j) ;  {determine  the  current  cell} 

rmlcejLl  :=  (((i-2)*(columns+2))+j) ;  {determine  Ist-order  neighbors  ...} 
rplcell  :=  ((i*(coluinns+2))+j) ; 
cmlcell  :=  (((i-l)*(columns+2))+(j-l)) ; 
cplcell  :=  (((i-l)*(columns+2))+(j+l)) ; 

for  k  :=  1  to  totcircs  do  {search  thru  entire  arcdata  file} 

begin 

readln  (mdata,  cellcopy);  {get  stored  mnum  from  file  mdata} 

if  cellcopy  =  mnum  {if  we  are  at  the  current  cell  number  ...} 

then  begin 

write  (nsa,  ’-2 
lineup  :=  lineup+2 
end  {if  cellcopy,  then} 

else  begin  {else,  if  we  are  at  a  neighbor  cell  . . .  } 

if  ((cellcopy=rmlcell)  or  (cellcopy=rplcell)  or  (cellcopy=cmlcell) 
or  (cellcopy=cplcell)) 
then  write  (nsa,  ’1  0 

else  write  (nsa,  ’);  {not  the  cell  nor  a  neighbor} 

lineup  :=  lineup+1 
end;  {if  cellcopy,  else} 
if  lineup>40  then 
begin 

writeln  (nsa) ; 
lineup  :=  1 
end  {if  lineup} 
end;  {for  k} 

writeln  (nsa,  ’GE  O’); 
writeln  (nsa) 
end  {for  j} 
end;  {for  i} 
needit;=  false; 
end;  {if  needit} 

{ 

Write  the  constraints  relating  cells  to  their  B-to-C  arcs,  if  needed. 

1  is  the  coefficient  for  the  wall-B-to-wall-C  connector  arcs, 

and  a  -1  is  the  coefficient  for  the  connector  nodes’  cell  parent. 

All  other  arcs  will  have  coefficients  of  0 
The  file  mdata  is  searched  for  cell  matches 

to  know  where  to  properly  place  the  cell  coefficients. 

The  file  didata  is  searched  for  B-to-C  arc  matches 

to  know  where  to  properly  place  the  connector  arc  coefficients. 

The  variables  rplcell,  rmlcell,  cplcell,  and  cmlcell  are  used 
to  store  the  appropriate  enums  (connector  node  numbers) . 
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} 


for  i:=  1  to  10  do  if  (selectionCi3=4)  then  needit  :=  true; 

if  needit  then 

begin 

for  i  :=  2  to  rows+1  do  {for  each  matrix  ceil  . . .  y 

begin 

for  j  :=  ^  to  columns+1  do 
begin 

mnum  :=  (((i-l)*(columns+2))+j) ;  {determine  the  current  cell} 

{ 

Determine  all  the  cell's  connector  nodes. 

> 

if  (cell Ci-l,j] 0888)  then  {the  rpl  connector  of  the  above  cell  is  used} 
begin 

rmlcell  :=  (  (i-3)*(2*(columns-l)+l)  +  (2*(j-2))  +  2); 
if  j=(columns+l)  then  rmlcell  :=  rmlcell-1 
end 

else  rmlcell  :=  0;  {there  is  no  rml  connector  node} 

if  (cell [i,j+l] 0888)  then  {a  connector  is  needed} 

begin 

cplcell  ;=  (  (i-2)*(2*(columns-l)+l)  +  (2*(j-2))  +  1); 
if  i=(rows+l)  then  cplcell  :=  cplcell-(j-2) ; 
end 

else  cplcell  :=  0;  {there  is  no  cpl  connector  node} 

if  (ceil [i+l,j] 0888)  then  {a  connector  is  needed} 

begin 

rplcell  :=  (  (i-2)*(2*(colurans-l)+l)  +  (2*(j-2))  +  2); 
if  j=(colurans+l)  then  rplcell  :=  rplcell-1; 
end 

else  rplcell  :=  0;  {there  is  no  rpl  connector  node} 

if  (cell [i,j-l] 0888)  then  {the  cpl  connector  of  the  left  cell  is  used} 
begin 

cmlcell  :=  (  (i-2)*(2*(colurans-l)+l)  +  (2*(j-3))  +  1); 
if  i=(rows+l)  then  cmlcell  :=  cmlcell-(j-3) ; 
end 

else  cmlcell  :=  0;  {there  is  no  cml  connector  node} 


reset  (mdata) ;  {prepare  to  read  from  the  appropriate  files} 

reset  (didata); 
lineup  :=  1; 


for  k  :=  1  to  totarcs  do 
begin 

readln  (mdata,  cellcopy); 
readln  (didata,  cnum); 
if  cellcopy  =  mnum 
then  begin 

write  (nsa,  '-1  ’); 
lineup  :=  lineup+2 
end  {if  cellcopy,  then} 
else  begin 


{search  thru  entire  arcdata  file} 

{get  stored  mnum  from  file  mdata} 
{get  stored  cnum  from  file  didata} 
{if  we  are  at  the  current  cell  number  ...} 


{else,  if  we  are  at  a  connector  node  . . .  } 
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if  (  (cnuin=  rralcell)  or  (cnura=  cplcell)  or  (cnum=  rplcell) 
or  (cnura=  cmlcell)  ) 
then  write  (nsa,  '1  ') 

else  write  (nsa,  ');  {neither  a  source  nor  connector  arc} 

lineup  :=  lineup+1 
end;  {if  cellcopy,  else} 
if  lineup>40  then 
begin 

writeln  (nsa); 
lineup  ;=  1 
end  {if  lineup} 
end;  {for  k} 

writeln  (lisa,  'GE  O’); 
writeln  (nsa) 
end  {for  j} 
end;  {for  i} 
needit:=  false 
end;  {if  needit} 

{ 

These  side  constraints  are  used  with  Version  2  of  the  network  and  state 
that  for  a  border  of  any  cell  to  count  as  a  non-allocated  subregion 
border,  then  all  borders  of  that  cell  must  count  that  way. 

The  bndata  file  contains  the  list  of  bnums. 

} 

for  i:=  1  to  10  do  if  (selection [i] =5)  then  needit  :=  true; 

if  needit  then 

begin 

for  i  ;=  1  to  (size)  do  {once  thru  for  each  cell  (each  bnum)  } 

begin 
k  :=  1: 

for  O'"'.. ant  :=  1  to  c  o  {3  constraints  total  for  the  4  cell  borders} 

begin 

reset  (bndata) ; 
lineup :=  1; 

for  j  :=  1  to  totarcs  do  {read  thru  entire  list  stored  in  file  bndata} 
begin 

readln  (bndata,  bnum);  {get  stored  bnumber  from  file  bndata} 


if  (bnum  =  i) 

then 

begin 

case 

k  of 

1 

:  write 

(nsa. 

’1  ’): 

2 

:  write 

(nsa. 

’1  ’); 

3 

:  write 

(nsa. 

’-1  ’) 

4 

;  write 

(nsa. 

’-1  ’) 

5 

:  write 

(nsa. 

'1  ’): 

6 

:  write 

(nsa. 

'-1  ') 

7 

:  write 

(nsa. 

'1  ’); 

8 

:  write 

(nsa. 

’-1  ’) 
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9  ;  write  (nsa,  ’1  ’); 

10  :  write  (nsa,  '-1  '); 

11  :  write  (nsa,  '-1  ’); 

12  :  write  (nsa,  '1  ’) 
end;  {case} 

k  :=  k+1 

end  {if  bnum,  then} 
else  write  (nsa,  ’): 
lineup  :=  lineup+1; 
if  lineup>40  then 
begin 

writeln  (nsa) ; 
lineup  :=  1 
end  {if  lineup} 
end;  {for  j} 
writeln  (nsa,  ’EQ  OO; 
writeln  (nsa) 
end  {for  ccount} 
end  ;{for  i} 
needit:=  false 
end;  {if  needit} 

writeln  (nsa,  ';') 
end;  {if  sidecon} 

{ 

%  ifcic  ^  iff  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  4c  ^ ^  ^ 

Write  code  for  executing  PROC  NETFLOW. 

} 

writeln  (nsa,  ’proc  netflow’); 
writeln  (nsa,  ’  nodedata=noded’) : 
writeln  (nsa,  ’  arcdata=arcd’) ; 
if  sidecon  then 
begin 

writeln  (nsa,  ’  condata=cond ’ ) ; 
writeln  (nsa,  ’  conout=solution; ’) 
end  {if  sidecon  then} 
else  writeln  (nsa,  '  arcout=solution; ’) ; 
writeln  (nsa,  'run;’); 

writeln  (nsa,  'print  arcs/nonzero;  run;’); 

{ 

4e  4c  4c  :4c  *  He  4: 4c  4c  4:  *  *  4c  ))c  *  4c  9|c  4c  9^:  *  *  *  9^  *  4c  4c  3^  *  ^  4c  4c  4c  *  ^  4: 1 4c 

Instruct  the  user  to  run  the  sas  program. 

} 

writeln; 

writeln; 

writeln  ( ’*♦*********♦**♦♦**♦♦*♦♦*♦♦♦+*♦***♦+*♦♦****♦+**♦♦*♦♦*+♦♦***=♦'**♦++♦*♦*♦  ’ ) ; 
writeln; 

writeln  (’The  SAS  input  file  has  been  generated.’); 
writeln; 
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. . J . . . . . . 


writeln  (’1:  Type  "runsas  nsa.dat"  (no  quotes)  at  the  prompt;  press  [RETURN].'); 
Hriteln  (’  When  prompted  for  "VMS  data  file",  press  [RETURN]  again.'); 

writeln  ('  When  prompted  for  the  "queue",  press  [RETURN].'); 

writeln  ('  -  Note:  if  the  2-minute  CPU  time  limit  is  reached,'); 

writeln  ('  pick  the  long  queue  on  the  next  run  - '); 

writeln; 

writeln  ('2:  WAIT  for  the  SAS  program  to  solve  the  network,  at  which  time'); 
writeln  ('  you  will  receive  the  following:'); 

writeln  ('  "Job  RUNSAS  (queue  SSAS$QUEUE,  entry  ###)  completed"'); 

writeln; 

writeln  ('3:  Type  "type  (or  "more")  nsa.log"  (without  quotes)  to  view  the  solution'); 
writeln  ('  and  information  about  the  run.'); 

writeln  (’  Type  "type  (or  "more")  nsa.lis"  (without  quotes)  to  view  the  arc  flows'); 

writeln  ('  (only  arcs  with  nonzero  flows  will  be  shown)'); 

writeln; 


end.  {cellborder} 


CJf  Input  File  for  Problem  ARBA  WALLl 


data  noded; 

input  _node_$  _sd_ ; 
cards; 
ss  1 
dl  -1 

I 

data  arcd; 

input  _from_$  _to_$  _cost_  _capac _ nanie_$; 

Ccirds ; 


ss 

a8 

6  1  ssa8 

I 

ss 

a9 

S  1  ssa9 

1 

ss 

alO 

3  1  ssalO 

1 

ss 

all 

4  1  ssall 

4 

ss 

al4 

1  1  ssal4 

1 

ss 

al5 

3  1  ssalS 

3 

ss 

al6 

2  1  ssaie 

1 

ss 

al7 

2  1  ssal7 

ss 

a20 

S  1  ssa20 

ss 

a21 

4  1  ssa21 

1 

ss 

a22 

1  1  ssa22 

3 

ss 

a23 

3  1  ssa23 

ss 

a26 

2  1  ssa26 

j 

ss 

a27 

2  1  ssa27 

t 

ss 

a28 

3  1  ssa28 

A 

ss 

a29 

1  1  ssa29 

% 

a8 

b9 

S  1  a8b9 

a8 

bl4 

1  1  a8bl4 

=1 

a9 

blG 

3  1  a9blO 

1 

a9 

bl5 

3  1  a9blS 

a9 

b8 

6  1  a9b8 

i 

alO 

bll 

4  1  alObll 

3 

alO 

bl6 

2  1  alObie 

5 

alO 

b9 

S  1  alOb9 

-i 

all 

bl7 

2  1  allbl7 

1 

all 

blO 

3  1  allblO 

9 

al4 

b8 

6  1  al4b8 

3 

al4 

bis 

3  1  al4blS 

J 

al4 

b20 

S  1  al4b20 

3 

al5 

b9 

S  1  alSb9 

1 

al5 

bl6 

2  1  alSbie 

al5 

b21 

4  1  alSb21 

1 

al5 

bl4 

1  1  alSbl4 

% 

al6 

blO 

3  1  alSblO 

al6 

bl7 

2  1  al6bl7 

al6 

b22 

1  1  al6b22 

al6 

bis 

3  1  aieblS 

1 

al7 

bll 

4  1  al7bll 

3 

al7 

b23 

3  1  al7b23 

1 

al7 

bl6 

2  1  al7bl6 

3 
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a20 

bl4 

1 

1  a20bl4 

a20 

b21 

4 

1  a20b21 

a20 

b26 

2 

1  a20b26 

a21 

bis 

3 

1  a21blS 

a21 

b22 

1 

1  a21b22 

a21 

b27 

2 

1  a21b27 

a21 

b20 

S 

1  a21b20 

a22 

bl6 

2 

1  a22bl6 

a22 

b23 

3 

1  a22b23 

a22 

b28 

3 

1  a22b28 

a22 

b21 

4 

1  a22b21 

a23 

bl7 

2 

1  a23bl7 

a23 

b29 

1 

1  a23b29 

a23 

b22 

1 

1  a23b22 

a26 

b20 

S 

1  a26b20 

a26 

b27 

2 

1  a26b27 

All 

b21 

4 

1  a27b21 

All 

b28 

3 

1  a27b28 

a27 

b26 

2 

1  a27b26 

a28 

b22 

1 

1  a28b22 

a28 

b29 

1 

1  a28b29 

a28 

b27 

2 

1  a28b27 

a29 

b23 

3 

1  a29b23 

a29 

b28 

3 

1  a29b28 

b8 

dl  . 

1  bSdl 

b9 

dl  , 

1  b9dl 

blO 

dl  . 

1 

blOdl 

bll 

dl  . 

1 

blldl 

bl4 

dl  . 

1 

bl4dl 

bis 

dl  . 

1 

blSdl 

bl6 

dl  . 

1 

bl6dl 

bl7 

dl  . 

1 

bl7dl 

b20 

dl  . 

1 

b20dl 

b21 

dl  . 

1 

b21dl 

b22 

dl  . 

1 

b22dl 

b23 

dl  . 

1 

b23dl 

b26 

dl  . 

1 

b26dl 

b27 

dl  . 

1 

b27dl 

b28 

dl  . 

1 

b28dl 

b29 

dl  . 

1 

b29dl 

1 

dati 

a  cond; 

input 

ssa8 

ssa9 

ssalO 

ssall 

ssal4 

ssa22 

ssa23 

ssa26 

ssa27 

ssa28 

a9b8 

alObll 

alObie 

al0b9 

allbl7 

alSbl6 

alSb2l 

alSbl4 

al6bl0 

al6bl7 

a20bl4 

a20b21 

a20b26 

a21blS 

a21b22 

a22b21 

a23bl7 

a23b29 

a23b22 

a26b20 

a28b29 

a28b27 

a29b23 

a29b28 

b8dl 

bl6dl 

bl7dl 

b20dl 

b21dl 

b22dl 

ssalS 

ssal6 

S3al7 

5sa20 

ssa21 

ssa29 

a8b9 

a8bl4 

a9bl0 

a9bl5 

allblO 

al4b8 

al4bl5 

al4b20 

al5b9 

al6b22 

alSblS 

al7bll 

al7b23 

al7bl6 

a21b27 

a21b20 

a22bl6 

a22b23 

a22b28 

a26b27 

a27b21 

a27b28 

a27b26 

a28b22 

b9dl 

blOdl 

blldl 

’ol4dl 

blSdl 

b23dl 

b26dl 

b27dl 

b28dl 

b29dl 
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LE  1 


1 


1  1 


LE  1 


1  1  1 


1 


LE  1 


1  1  1 


1  . 


LE  1 


1  1 


1 


proc  netflow 

nodedata=noded 
arcdata=arcd 
condata=cond 
cdhout=solution ; 
run; 

print  arcs/nonzero;  run; 
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C.5  Partial  .log  arid  .lis  Output  Files  for  Problem  AREAWALLl 


NOTE:  Copyright(c)  1989  by  SAS  Institute  Inc.,  Cary,  NC  USA. 

NOTE:  SAS  (r)  Proprietary  Software  Release  6.06.01 

Licensed  to  AIR  FORCE  INSTITUTE  OF  TECHNOLOGY,  Site  0003357011. 

NOTE:  Running  on  VAX  Model  6000-420  Serial  Number  OB000005. 


Welcome  to  the  new  SAS  System,  Release  6.06. 

1  data  noded; 

2  input  _node_$  _sd_; 

3  cards ; 

NOTE:  The  data  set  WORK. NODED  has  2  observations  and  2  variables. 
6  ; 

7  data  arcd; 

8  input  _frora_$  _to_$  _cost_  _capac _ naine_$: 

9  cards ; 

NOTE:  The  data  set  WORK. ARCD  has  80  observations  and  5  variables. 


90  ; 

91  data  cond; 

92  input 


93 

ssa8 

ssa9 

ssalO 

ssall 

ssal4 

ssal5 

ssal6 

ssal7 

ssa20 

ssa21 

94 

ssa22 

ssa23 

ssa26 

ssa27 

ssa28 

ssa29 

a8b9 

a8bl4 

a9bl0 

a9bl5 

95 

a9bS 

alObll 

al0bl6 

al0b9 

allbl7 

allblO 

al4b8 

al4bl5 

al4b20 

al5b9 

96 

al5bl6 

al5b21 

al5bl4 

al6bl0 

al6bl7 

al6b22 

al6bl5 

al7bll 

al7b23 

al7bl6 

97 

a20bl4 

a20b21 

a20b26 

a21bl5 

a21b22 

a21b27 

a21b20 

a22bl6 

a22b23 

a22b28 

98 

a22b21 

a23bl7 

a23b29 

a23b22 

a26b20 

a26b27 

a27b21 

a27b28 

a27b26 

a28b22 

99 

a28b29 

a28b27 

a29b23 

a29b28 

b8dl 

b9dl 

blOdl 

blldl 

bl4dl 

bl5dl 

100 

bl6dl 

bl7dl 

b20dl 

b21dl 

b22dl 

b23dl 

b26dl 

b27dl 

b28dl 

b29dl 

101  _type_$  _rhs_; 

102  cards; 

NOTE:  SAS  went  to  a  new  line  when  INPUT  statement  reached  past  the  end  of  a  line. 
NOTE:  The  data  set  WORK. COND  has  16  observations  and  82  variables. 

167  ; 

168  proc  netflow 

169  nodedata=noded 

170  arcdata=arcd 

17 1  condata=cond 

172  conout=solution; 

173  run; 

NOTE:  Number  of  nodes=  34  . 

NOTE:  Humber  of  supply  nodcs=  1  . 


NOTE:  Number  of  dememd  nodes=  1  . 

NOTE:  Total  supply=  1  ,  total  deraand=  1  . 

NOTE:  Number  of  arcs=  80  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  43  . 
NOTE:  Of  these,  39  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  3  . 

NOTE:  Number  of  <=  side  constraints=  16  . 

NOTE:  Niunber  of  ==  side  constraints=  0  . 

NOTE:  Number  of  >=  side  constraints=  0  . 

NOTE:  Number  of  arc  and  nonarc  variable  side  constraint  coeff icients=  64  . 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  1  . 

NOTE:  Of  these,  0  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  3  . 

NOTE:  The  data  set  WORK . SOLUTION  has  80  observations  and  14  variables. 

174  print  arcs/nonzero;  run; 

NOTE;  The  PROCEDURE  NETFLOH  printed  page  1. 


NOic. : 

SAS 

Institute  Inc. 

, ,  SAS  Circle 

,  PO  Box 

8000, 

Cary,  NC  27512-8000 

_N_ 

_FR0M_  _T0_ 

_C0ST_ 

CAPAC_ 

_L0_ 

_NAME_  .SUPPLY. 

1 

ss 

a22 

1 

1 

0 

SSA22  1 

2 

a22 

bl6 

2 

1 

0 

A22B16 

3 

bl6 

dl 

0 

1 

0 

B16D1 

_N_ 

_DEHAND_ 

_FL0W_ 

.FCOST. 

_RC0ST_  .STATUS. 

1 

1 

KEY.ARC 

BASIC 

2 

, 

1 

2 

KEY.ARC 

BASIC 

3 

1 

1 

0 

KEY.ARC 

BASIC 

17.1 


C.6  Partial  .log  and  .Us  Outpxd  Files  for  Problem  AllEAVVALLS,  Run  I 


1  data  noded; 

2  input  _node_$  _sd_; 

3  cards ; 


NOTE:  The  data  set  WORK. NODED  has  2  observations  and  2  variables. 
6  ; 

7  data  arcd; 

8  input  _from_$  _to_$  _cost_  _capac _ naine_$: 

9  cards ; 


NOTE:  The  data  set  WORK. ARCD  has  272  observations  eind  S  variables. 


282  ; 

283  data  cond; 

284  input 


285  ssa8 

ssa9 

ssalO 

ssall 

ssal4 

ssalS 

ssal6 

ssal7 

ssa20 

ssa21 

286  ssa22 

ssa23 

ssa26 

ssa27 

ssa28 

ssa29 

a8b9 

aSbl4 

aOblO 

a9bl5 

287  a9b8 

alObll 

al0bl6 

al0b9 

allbl7 

allblO 

al4b8 

al4bl5 

al4b20 

al5b9 

288  alSbie 

al5b21 

al5bl4 

al6bl0 

al6bl7 

al6b22 

al6bl5 

al7bll 

al7b23 

al7bl6 

289  a20bl4 

a20b21 

a20b26 

a21bl5 

a21b22 

a21b27 

a21b20 

a22bl6 

a22b23 

a22b28 

290  a22b21 

a23bl7 

a23b29 

a23b22 

a26b20 

a26b27 

a27b21 

a27b28 

a27b26 

a28b22 

291  a28b29 

a28b27 

a29b23 

a29b28 

b8c9 

b8cl4 

b9cl0 

b9cl5 

b9c8 

biOcll 

292  blOcie 

bl0c9 

bllcl7 

bllclO 

bl4c8 

bl4cl£ 

bl4c20 

bi5c9 

bl5cl6 

bl5c21 

293  blScl4 

bl6cl0 

bl6cl7 

bl6c22 

bl6clS 

bl7cll 

bl7c23 

bl7cl6 

b20cl4 

b20c21 

294  b20c26 

b21cl5 

b21c22 

b21c2? 

b21c20 

b22cl6 

b22c23 

b22c28 

b22c21 

b23ci7 

295  b23c29 

b23c22 

b26c20 

b26c27 

b27c21 

b27c28 

b27c26 

b28c22 

b28c29 

b2Sc27 

296  b29c23 

b29c28 

c8d9 

c8dl4 

cOdlO 

c9dl5 

c9d8 

clOdll 

clOdie 

cl0d9 

297  clldl7 

clldlO 

cl4d8 

cl4di5 

cl4d20 

cl5d9 

cl5dl6 

cl5d21 

ci5dl4 

cl6dl0 

298  cl6dl7 

cl6d22 

cl6dl5 

cl7dll 

cl7d23 

cl7dl6 

c20dl4 

c20d21 

C20d26 

c21di5 

299  c21d22 

c21d27 

c21d20 

c22dl6 

c22d23 

c22d28 

c22d21 

c23dl7 

c23d29 

c23d22 

300  c26d20 

c26d27 

c27d21 

c27d28 

c27d26 

c28d22 

c28d29 

c28d27 

c29d23 

c29d28 

301  d8e9 

d8el4 

d9cl0 

d9el5 

d9e8 

dlOell 

dl0el6 

dl0c9 

dllel7 

dllelO 

302  dl4e8 

dl4el5 

dl4e20 

dl5e9 

dl5el6 

dl5c21 

dl5cl4 

dl6el0 

dl6el7 

dl6e22 

303  dl6el5 

dl7ell 

dl7e23 

dl7el6 

d20el4 

d20c21 

d20c26 

d21el5 

d21c22 

d21e27 

304  d21e20 

d22el6 

d22e23 

d22e28 

d22e21 

d23el7 

d23e29 

d23e22 

d26c20 

d26e27 

305  d27e21 

d27e28 

d27e26 

d28e22 

d28e29 

d28e27 

d29e23 

d29e28 

e8f9 

e8fl4 

306  e9fl0 

c9fl5 

e9f8 

elOfll 

el0fl6 

el0f9 

ellfl7 

ellflO 

el4f8 

Cl4fl5 

307  el4f20 

el5f9 

el5fl6 

el5f21 

el5fl4 

el6fl0 

el6fl7 

el6f22 

Cl6fl5 

cl7fll 

308  el7f23 

el7fl6 

e20fl4 

e20f21 

e20f26 

e21fl5 

c21f22 

o2lf27 

e21f20 

c22fl6 

309  e22f23 

e22f28 

e22f21 

e23fl7 

c23f29 

c23f22 

e26f20 

e26f27 

027121 

c27f28 

310  e27f26 

e28f22 

e28f29 

e28f27 

e29f23 

c29f28 

fSdl 

f9dl 

flOdt 

flldl 

311  fl4dl 

fl5dl 

fl6dl 

fl7dl 

f20dl 

f21dl 

f22di 

f23dl 

f26dl 

f27dl 

312  f28dl 

f29dl 

_typc_$ 

_rhs_: 

313  cards; 


NOTE:  SAS  went  to  a  new  line  when  INPUT  statement  reached  past  the  end  of  a  line. 
NOTE:  The  data  set  WORK. CORD  has  32  observations  and  274  variables. 


586  ; 

587  proc  netfloH 

588  nodedata=noded 

589  arcdata=arcd 

590  condata=cond 

591  conout=solutiqn; 

592  run; 

NOTE:  Number  of  nodes=  98  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:  Number  of  demand  nodes=  1  . 

NOTE:  Total  supply=  1  ,  total  demand=  1  . 

NOTE:  sNumbor  cf  arcs=  272  . 

NOTE:  ^Number  of  iterations  performed  (neglecting  any  constraints)=  59  . 
NOTE:  'Of  these,  58  were  degenerate. 

NOTE:  Optimum. (neglecting  any  constraints)  found. 

NOTE;  Minimal- total  cpst=  6  . 

N0T|i  iNumber  of  <=  side  constraints^  16  . 

NOTE :  iNumber  of  ==  side  cqnstraints=  0  . 

:N0TE:' ^Number  of  >=  side  cohstraints=  16  . 

:N0TE‘:  !Number  of  arc  and  nonarc  variable  side  constraint  coeff icients=  1320 
:N_0TE: -  Numbef  ;bf  iterations  .  Optimizing  with  constraints=  808  . 

:N0TE: <0f  these,  791  were  degenerate. 

MTE:  iOptimum  reached. 

■NOTE:  Minimal-  total  cost=  6  . 

-NOTE:  The  data  set  WORK. SOLUTION- has  272  observations  and  14  variables. 
->593  jprint  arcsVnonzero ;  run; 

NOTE:  The  PROCEDURE  NETFLOM  printed  pages  1-2. 


NOTE: 

SAS  Institute  Inc. 

,  SAS  Circle 

,  PO  Box 

8000, 

Cary,  NC  27512- 

-8000 

_N.^ 

_FR0M^ 

_T0^ 

_C0ST_ 

CAPAC_ 

_L0_ 

_NAME_ 

.SUPPLY. 

1 

ss 

al5 

1 

1 

0 

SSA15 

1 

2 

ss 

al6 

1 

1 

0 

SSA16 

1 

3 

ss 

al7 

1 

1 

0 

SSA17 

1 

4 

ss 

a23 

1 

1 

0 

SSA23 

1 

5 

ss 

a9 

1 

1 

0 

SSA9 

1 

6 

a9 

bl5 

1 

1 

0 

A9B15 

7 

al7 

bl6 

1 

1 

0 

A17B16 

8 

al6 

b22 

1 

1 

-  0 

A16B22 

9 

a23 

b22 

1 

1 

0 

A23B22 

10 

al5 

b9 

1 

1 

0 

A15B9 

11 

b9 

cl5 

1 

1 

0 

B9C15 

12 

b22 

cl6 

1 

1 

0 

B22C16 

13 

bl6 

c22 

1 

1 

0 

B16C22 

14 

bl5 

c9 

1 

1 

0 

B15C9 

15 

f8 

dl 

0 

1 

0 

F8D1 

16 

fl4 

dl 

0 

1 

0 

F14D1 

17 

fl6 

dl 

0 

1 

0 

F16D1 

176 


18 

f22 

dl 

0 

1  0 

i-22Dl 

19 

cl5 

dl4 

1 

1  0 

C15D14 

20 

c9 

dl5 

1 

1  0 

C9D15 

21 

cl6 

dl5 

1 

1  0 

C16D15 

22 

cl6 

d22 

1 

1  0 

C16D22 

23 

c22 

d23 

1 

1  0 

C22D23 

24 

d23 

el7 

1 

1  0 

D23E17 

25 

d22 

e23 

1 

1  0 

D22E23 

26 

dl4 

e8 

1 

1  0 

D14E8 

27 

dl5 

e9 

1 

1  0 

D15E9 

28 

e8 

fl4 

1 

1  0 

E8F14 

29 

el7 

fl6 

1 

1  0 

E17F16 

30 

e23 

f22 

1 

1  0 

E23F22 

31 

e9 

f8 

1 

r  0 

E9F8 

^DEMAND. 

-FLOW. 

_FCOST_ 

- 

.RCOST_ 

.STATUS. 

1 

0.25 

0.25 

KEY.ARC 

BASIC 

2 

0.0833333333 

0.0833333333 

KEY.ARG 

BASiC 

3 

0.25 

0.25 

NONKEY  ARC 

BASIC 

4 

0.3333333333 

0.3333333333 

KEY.ARC 

BASIC 

5 

0.0833333333 

0.0833333333 

KEY.ARC 

BASiC 

6 

0.0833333333 

0.0*833333333 

KEY.ARC 

BASIC 

7 

0.25 

0.25 

KEY.ARC 

BASIC 

8 

0.0833333333 

0.0833333333 

NONKEY  ARC 

BASIC 

9 

0.3333333333 

0.3333333333 

KEY.ARC 

BASIC 

10 

0.25 

0.25 

KEY.ARC 

BASIC 

4i= 

0.25 

0.25 

NONKEY  ARC 

BASIC 

12 

0.4166666667 

0.4166666667 

KEY.ARC 

BASIC 

13 

0.25 

0.25 

KEY.ARC 

BASIC 

14 

0.0833333333 

0.0833333333 

NONKEY  ARC 

BASIC 

15 

1 

0.4166666667 

0 

KEY.ARC 

BASIC 

16 

1 

0.25 

0 

KEY.ARC 

BASIC 

17 

1 

0.25 

0 

KEY.ARC 

BASIC 

18 

1 

0.0833333333 

0 

KEY.ARC 

BASIC 

19 

0.25 

0.25 

KEY.ARC 

BASIC 

20 

0.0833333333 

0.0833333333 

KEY.ARC 

BASIC 

21 

0.3333333333 

0.3333333333 

KEY.ARC 

BASIC 

22 

0.0833333333 

0.0833333333 

NONKEY  ARC 

BASIC 

23 

0.25 

0.25 

KEY.ARC 

BASIC 

24 

0.25 

0.25 

KEY.ARC 

BASIC 

25 

0.0833333333 

0.0833333333 

KEY.ARC 

BASIC 

26 

0.25 

0.25 

KEY.ARC 

BASIC 

27 

0.4166666667 

0.4166666667 

KEY.ARC 

BASIC 

28 

0.25 

0.25 

KEY.ARC 

BASIC 

29 

0.25 

0.25 

KEY.ARC 

BASIC 

30 

0.0833333333 

0.0833333333 

KEY.ARC 

BASIC 

31 

0.4166666667 

0.4166666667 

KEY.ARC 

BASIC 

177 


Partial  .log  and  .lis  Output  Files  for  Problem  AREAWALL2,  Run  2 

:NOTE:  Number  of  nodes=  98=  . 

NOTE:  Number  of  supply  nodes=  1  . 

=NOTE:  Number  of  dem^d  nodes=  1  . 

■NOTE:  Total  supply=  1  ,  total  demand=  1  . 

•NOTE:  Number  of  afcs=  272  . 

;NOTE:  Nurber  of  iterations  performed  (neglecting  any  constraints)=  59  . 

NOTE:  Of  these,  58  were  degenerate. 

TOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total =cost=  6  . 

;NOtE:  Number  of  <=■  side  constraints=  16  . 

‘NOTE:  Number  of  ==  side  constraints=  1  . 

■  ■  - 

TOTE:  Number  of  >=  side  constraints=  16  . 

TOTE:  Number  of  arc  and  nonarc  variable  side  constraint  coefficients=  1321  . 
•NOTE:  Number  of  iterations,  optimizing  with  constraints=  938  . 
l|OTE:  Of  these,  923  were  degenerate. 

•NOTE:  Optimum  reached; 

NOTE:  Minimal  total  cost=  6.5  . ’ 

: 

TOTE:  The  data  set  WORK. SOLUTION  has  272  observations  and  14  variables. 

601  print  arcs/nonzero;  run; 


TOTE:  The -PROCEDURE  NETFLOW  printed  page  1. 


NOTE: 

SAS 

Institute  inc. 

,  SAS  Circle 

,  PO  Box 

8000, 

Cary,  NC 

27512-8000 

.:N_ 

_FR0H_  _T0_ 

_C0ST_ 

CAPAC_ 

_L0_ 

.NAME. 

_SUPPLY_ 

1 

ss 

a23 

1 

1 

0 

SSA23 

1 

■2 

a23 

b22 

1 

1 

0 

A23B22 

3 

b22 

cl6 

1 

1 

0 

B22C16 

4 

b22 

c21 

2 

1 

0 

B22C21 

;5 

f8 

dl 

0 

1 

0 

F8D1 

6 

fl5 

dl 

0 

1 

0 

F15D1 

7 

fl7 

dl 

0 

1 

0 

F17D1 

8 

c21 

dl5 

1 

1 

0 

C21D15 

9 

cl6 

dl7 

1 

1 

0 

C16D17 

10 

dl5 

el4 

1 

1 

0 

D15E14 

41 

dl7 

el6 

1 

1 

0 

D17E16 

12 

el4 

fl5 

1 

1 

0 

E14F15 

13 

el6 

fl7 

1 

1 

0 

E16F17 

i'l 

el4 

f8 

1 

1 

0 

E14F8 

• 

..;N_ 

_DEHAND_ 

_FL0W_ 

_FC0ST. 

- 

_RC0ST_  .STATUS. 

1 

1 

1 

KEY.ARC  BASIC 

2 

. 

1 

1 

KEY.ARC  BASIC 

3 

0.5 

0.5 

NONKEY  ARC  BASIC 

4 

. 

0.5 

1 

NONKEY  ARC  BASIC 

5 

1 

0.25 

0 

KEY.ARC  BASIC 

6 

1 

0.25 

0 

NONKEY  ARC  BASIC 

178 


m 

1 

0.5 

0 

KEY.ARC 

BASIC 

‘8; 

0.5 

0.5 

KEY.ARC 

BASIC 

;9f 

0.5 

0.5 

KEY.ARC 

BASIC 

10- 

0.5 

0.5 

KEY.ARC 

BASIC 

6.5 

0.5 

KEY.ARC 

BASIC 

12’ 

0.25 

0.25 

KEY_ARC 

BASIC 

0.5 

0.5 

KEY.ARC 

BASIC 

1^- 

0.25 

0.25 

NONKEY  ARC 

BASIC 

179 


Gi8  Partial  .log  and  .lis  Output  Files  for  Problem  AREAWALL2,  Run  3 


NOTE;:  Number  of  hodes=  98  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:,  Number  of  demand^  nodes=  1  . 

NOTE:  Total  suppiy=  1  ,  total  demand=  1  . 

NOTE:  N^ber  of  arcs=  272  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  59  . 

NOTE:  Of  these,  58  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE;  Minimal  total  cost=  6  . 

NOTE:  N^ber  of  <=  side  constraints=  16  . 

NOTE:  Number  of  ==  side  constraints=  1  . 

NOTE:  Number  of  >=  side  constraints=  16  . 

NOTE]  Number  of  arc  and  nonarc  variable? side  constraint  coefficients^  1322  . 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  865  . 

NOTE:  Of  these,  851  were  degenerate. 

NOTE;  Optimum  reached. 

NOTE:  Hinimai  total  cbst=  9  . 

NOTE;  the  data  set ?W0IU{. SOLUTION  has  272  observations  and  14  variables. 

601  print  arcs/norizero ;  run; 

NOTE:  The  PROCEDURE  NETFLOW  printed  page  1. 

NOTE:  SAS  Institute  Inc.,  SAS  Circle,  PO  Box  8000,  Cary,  NC  27512-8000 


_N_ 

_FR0M 

...  „T0.^ 

_C0ST_ 

CAPAC^ 

1 

o 

1 

_NAME_ 

.SUPPLY. 

1 

ss 

a23 

1 

1 

0 

SSA23 

1 

2 

a23 

b22 

1 

1 

0 

A23B22 

3 

b22 

cl6 

1 

1 

0 

B22C16 

4 

f8 

dl 

0 

1 

0 

F8D1 

5 

fl5 

dl 

0 

1 

0 

F15D1 

6 

fl7 

dl 

0 

1 

0 

F17D1 

7 

cl6 

dl5 

1 

1 

0 

C16D15 

8 

cl6 

dl7 

1 

1 

0 

C16D17 

9 

dl7 

ell 

7 

1 

0 

D17E11 

10 

dl5 

e9 

1 

1 

0 

D15E9 

11 

e9 

fl5 

1 

1 

0 

E9F15 

12 

ell 

fl7 

1 

1 

0 

E11F17 

■13 

e9 

f8 

1 

1 

0 

E9F8 

_N_ 

- 

DEMAND. 

_FL0W_ 

_FC0ST_ 

- 

.RCOST.  .STATUS. 

1 

1 

1 

KEY.ARC  BASIC 

2 

1 

1 

NONKEY  ARC  BASIC 

3 

. 

1 

1 

KEY.ARC  BASIC 

4 

1 

0.25 

0 

KEY.ARC  BASIC 

5 

1 

0.25 

0 

NONKEY  ARC  BASIC 

6 

1 

0.5 

0 

KEY.ARC  BASIC 

7 

. 

0.5 

0.5 

KEY.ARC  BASIC 

180 


8: 

0.5 

0.5 

NONKEY  ARC 

BASIC 

9 

OrS 

3.5 

KEY_ARC 

BASIC 

10 

0.5 

0.5 

KEY.ARC 

BASIC 

It 

0.25 

0.25 

KEY.ARC 

BASIC 

12 

0.5 

0.5 

KEY.ARC 

BASIC 

13 

0.25 

0.25 

KEY.ARC 

BASIC 

181 


C.9  Partial  Jog  and  Jis  Output  Files  for  Problem  AREAWALL2,  Run  f 


NOTE:  Number  of  nodes=  98  . 

NOTE:  iNumber  of  supply  nodes=  1  . 

NOTE: Humber  of  demand  nodes=  1  . 

NOTE:  Total  supply=  1  ,  total  demand=  1  . 

NOTE:  Number  of  arcs=  272  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  59  . 

NOTE:  Of  these,  58  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  ’Minimal  total  cost=  6  . 

NOTE:  Number  of  <=  side  constraints=  16  . 

NOTEr  :Number'Of  ==  side  constraints=  1  . 

NOTE:  Number  of  >=  side  constraints=  16  . 

NOTE:  Number  of  arc  and  nonp-c  variable  side  constraint  coefficiehts=  1323  . 

NOTE:  Number  of  iterations,  optimizing  with  constraints=  753  . 

N0TI5’.  Of  these,  735  were  degenerate. 

WARNING:  The  following  constraints  are  not  satisfied.  The  value  after  each 
constraint  name  is  the  amount  by  which  the  constraint  is  violated;  ie.  the 
value  of  the  corresponding  artificial  variable.  _0BS33_  0,5 

NOTE:  The  problem  is  infeasible.  At  least  one  side  constraint  cannot  be  satisfied. 
WARNING:  The  solution  value  reported  next  is  associated  with  a  solution  that  is 
hot  both  feasible  and  optimal. 

NOTE:  Minimal  total  cost=  7  . 

NOTE:  The  data  set  WORK . SOLUTION  has  272  observations  and  14  variables. 

601  print  arcs/nonzero;  run; 

NOTE:  The  PROCEDURE  NETFLOW  printed  page  1. 

NOTE:  SAS  Institute  Inc.,  SAS  Circle,  PO  Box  8000,  Cary,  NC  27512-8000 


_N_ 

_FR0M 

_T0_ 

_C0ST_ 

_CAPAC_ 

_L0_ 

_NAME_ 

.SUPPLY. 

1 

ss 

a21 

2 

1 

0 

SSA21 

1 

2 

ss 

a23 

1 

1 

0 

SSA23 

1 

3 

a21 

b22 

1 

1 

0 

A21B22 

4 

a23 

b22 

1 

1 

0 

A23322 

5 

b22 

cl6 

1 

1 

0 

B22C16 

6 

f8 

dl 

0 

1 

0 

F8D1 

7 

f20 

dl 

0 

1 

0 

F20D1 

8 

cl6 

dl5 

1 

1 

0 

C16015 

9 

dl5 

el4 

1 

1 

0 

D15E14 

10 

dl5 

e9 

1 

1 

0 

D15E9 

11 

el4 

f20 

2 

1 

0 

E14F20 

12 

e9 

f8 

1 

1 

0 

E9F8 

„N_ 

- 

DEHAND_ 

_FL0W_ 

_FC0ST_ 

- 

.RCOST.  .STATUS. 

1 

0.5 

1 

KEY.ARC  BASIC 

2 

. 

0.5 

0.5 

KEY.ARC  BASIC 

3 

, 

0.5 

0.5 

KONKEY  ARC  BASIC 

1S2 


4 

• 

0.5 

0.5 

KEY_ARC 

BASIC 

5 

. 

1 

1 

KEY_ARC 

BASIC 

6 

1 

0.5 

0 

KEY_ARC 

BASIC 

7 

1 

0.5 

0 

KEY_ARC 

BASIC 

B 

1 

1 

KEY_ARC 

BASIC 

9 

0.5 

0.5 

KEY_ARC 

BASIC 

10 

0.5 

0.5 

NONKEY  ARC 

BASIC 

11 

0.5 

1 

KEY_ARC 

BASIC 

12 

0.5 

0.5 

KEY_ARC 

BASIC 
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‘^.10  Partial  Jog  and  Jis  Output  Files  for  Problem  ARBAWALL2,  Run  5 

OTTE;  Number  of  nodes=  98  . 
i^OTE:  Number  of  supply  nodes=  1  . 

•NOTE:  Number  of  demand  nodes=  1  . 

NOTE:  Total  supplyp  1  ,  total  deraand=  1  . 

•N^OTE:  Number  of  arcs=  272  . 

•NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  59  . 
iNOTE:  Of  these,  58  were  degenerate. 

•NOTE:  Optimum  (neglecting  any  constraints)  found. 

•NOTE:  Minimal  total"  cost=  6  . 

•NOTE:  Number  of  <=  side  constraints'-  16  . 

OTTE:  Number  of  ==  side  cohstraints=  1  . 

•NOTE:  NiMber  of  >=  side  constraints=  16  . 

•NOTE:  Nimbler  of  arc  and  noharc  variable  side  jnstraint  coeff icients=  1323  . 
INOTE:  Number  of  iterations,  optimizing  with  constraints=  730  . 

■NOTE:  Of  these,  685  were  degenerate. 

‘NOTE:  Optimum  reached. 

'NOTE:  Minimal  total  cost=  18  . 

iNOTEl  Thesdata  set -WORK. SOLUTION  has  272  observations  and  14  variables. 

?fpi  print  arcs/nonzero;  run; 


>PTE:  The.  PROCEDURE  NETFLOW  printed  page  1. 

•NOTE:  SAS:  Institute  Inc.-;  SAS  Circle,  PO  Box  8000,  Cary,  NC  27512-8000 


#- 

-FROM 

-to_ 

^C0ST_ 

.CAPAC_ 

_L0_ 

_NAME_ 

_SUPPLY_ 

1 

ss 

a23 

1 

1 

0 

SSA23 

1 

2 

a23 

b22 

1 

1 

0 

A23B22 

3 

b22 

cl6 

1 

1 

0 

B22C16 

4 

flO 

dl 

0 

1 

0 

FlODl 

5 

cl6 

dl7 

1 

1 

0 

C16D17 

6 

dl7 

ell 

7 

1 

0 

D17E11 

7 

ell 

fiO 

7 

1 

0 

EllFlO 

^N_ 

- 

DEMAND_ 

_FL0W_ 

_FC0ST_ 

- 

.RC0ST_  .STATUS. 

1 

- 

1 

1 

KEY.ARC  BASIC 

2 

. 

1 

1 

KEY.ARC  BASIC 

3 

. 

1 

1 

NONKEY  ARC  BASIC 

4 

1 

1 

0 

NONKEY  ARC  BASIC 

5 

. 

1 

1 

0  UPPERBD  NONBASIC 

6 

. 

1 

7 

KEY.ARC  BASIC 

7 

. 

1 

7 

KEY.ARC  BASIC 

IS'J 


Will  Partial  .log  arid  .Us  Output  Files  for  Problem  AREAWALL2,  Run  8 

Number  of  nodes=  98  . 

=N0TE:  Number  of  supply  nodes=  1  . 

'NOTE:  Number  of  demcind  nodes=  1  . 
iNOTE:  Total  :supply=  1  ,  total  demand=  1  . 

■NOTE:  Number  of  arcs=  272  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints) =  59  . 

NOTE:  Of  these,  58  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found, 
j  Minimal  total  cost=  6  . 

j  NOTE:  Number  of  <=  side  constraints=  16  . 

J  N5tE:  Niunbef  of  ==  side  constfaints=  1  . 

*  ;N0TE:  Number  of  >=  side  constfaints=  16  . 

I  -xrscf-  --  -  ^ 

j  ^^TE:  Number  of  arc  and  nonarc  variable  side  constraint  coefficients=  1322  . 

I  jNQTE:  Numb^  of  iterations,  optimizing  with  con':traints=  789  . 

i  N9?E=  Of  these,  766  were  degenerate. 

I  ;NOTE:  Optimum  reached-. 

'NOTE:  Minimal  totcil  c6st=  7  . 

NOTE:  The  data  set  WORK . SOLUTION  has  272  observations  and  14  variables. 

601  print  arcs/nonzero;  run; 


NOTE:  The  PROCEDURE  NETFLOW  printed  page  1. 


NOTE: 

SAS  Institute  Inc. 

,  SAS  Circle 

,  PO  Box 

8000,  Cary,  NC  27512-8000  | 

~Nl 

_FR0”H 

_T0_ 

_C0ST_ 

CAPAC. 

_L0_ 

.NAME.  .SUPPLY.  I 

1 

1 

ss 

al5 

1 

1 

0 

SSA15  1  1 

2 

al5 

bl6 

1 

1 

0 

A15B16  .  1 

3 

bl6 

cl7 

1 

1 

0 

B16C17  .  1 

'4 

bl6 

c22 

1 

1 

0 

B16C22  .  1 

5 

f21 

dl 

0 

1 

0 

F21D1  .  1 

6 

f23 

dl 

0 

1 

0 

F23D1  .  1 

7 

c22 

d21 

2 

1 

0 

C22D21  .  1 

8 

cl7 

d23 

1 

1 

0 

C17D23  .  1 

9 

d23 

el7 

1 

1 

0 

D23E17  .  1 

10 

d21 

e22 

1 

1 

0 

D21E22  .  1 

11 

e22 

f21 

2 

1 

0 

E22F21  .  1 

12 

el7 

f23 

1 

1 

0 

E17F23  .  1 

-N_ 

- 

DEMAND. 

-FLOW. 

-FCOST. 

.RCOST.  .STATUS.  I 

5 

1 

1 

1 

r; 

-2  UPPERBD  NONBASIC  | 

2 

. 

1 

1 

KEY.ARC  BASIC  | 

3 

. 

0.5 

0.5 

KEY.ARC  BASIC  | 

4 

• 

0.5 

0.5 

KEY.ARC  BASIC  | 

5 

1 

0.5 

0 

KEy.ARC  BASIC  | 

6 

1 

0.5 

0 

KEY-ARC  BASIC  1 

7 

. 

0.5 

1 

KEY.ARC  BASIC  | 

8 

. 

0.5 

0.5 

MONKEY  ARC  BASIC  1 

1S5 


9 

. 

0.5 

6.5 

KEY.ARC 

BASIC 

10 

. 

0.5 

0.5 

KEY_ARC 

BASIC 

11 

• 

0.5 

1 

NONKEY  ARC 

BASIC 

12 

. 

0.5 

0.5 

KEY_ARC 

BASIC 
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‘C.12  Partial  .log  and  .lis  Oulgut  Files  for  Problem  AREAWALLS,  Run  1 

1  data  noded; 

2  input  ^hode_$  -sd_; 

3  cards; 

iNOTE:  the  data  set  W0RK;H0DED  has  3  observations  and  2  variables. 

'7  ; 

sS  data  arcd; 

i9  input  _from_$  _to_$  _cost_  _capac _ nanie_$; 

10  cards ; 

INOTE:  the  uata  set  WORK. ARCD  has  288  observations  and  5  variables. 


■299  ; 

300  data  cond; 

301  input 


,302  ssa8 

ssa9 

ssalO 

ssall 

ssal4 

ssalS 

ssal6 

ssal7 

ssa20 

ssa2i 

,303  ssa22 

ssa23 

s|a26 

ssa27 

ssa28 

ssa29 

a8b9 

a8bl4 

a9bl0 

a9bl5 

304  a9b| 

alObn 

al0bl6 

al0b9 

allbl7 

allblO 

al4b8 

al4bl5 

al4b2p 

al5b9 

305  al5bl6 

al|b21 

ai5bl4 

al6bl0 

al6bl7 

al6b22 

al6bl5 

al7bll 

al7b23 

al7bl6 

306  a20bl4 

a20b21 

a20b26 

a21bl5 

a21b22 

a21b27 

a21b20 

a22bl6 

a22b23 

a.22b28 

307  a22B21 

a#bl7 

a23b29 

a23b22 

a26b20 

a26b27 

a27b21 

a27b28 

a27b26 

a28b22 

los  a28b29 

a28b27 

a29b23 

a29b28 

b8c9 

b8cl4 

b9cl0 

b9cl5 

b9c8 

blOcll 

|09  blQcie 

bl0c9 

bllcl7 

bllclO 

bl4c8 

bl4cl5 

bl4c20 

bl5c9 

bl5cl6 

blSc21 

310  blScl4 

bl6cl0 

bl6cl7 

bi6c22 

bl6cl5 

bl7cll 

bl7c23 

bl7cl6 

b20cl4 

b20c21 

311  b20c26 

b2icl5 

b21c22 

b21c27 

b2lc20 

b22cl6 

b22c23 

b22c28 

b22c21 

b23ci7 

|12  b23c29 

b23c22 

b26c20 

b26c27 

b27c21 

b27c28 

b27c26 

b23c22 

b28c29 

b28c27 

313  b29c23 

b29c28 

c8d9 

c8dl4 

c9dl0 

c9dl5 

c9d8 

clOdll 

clOdie 

ci0d9 

314  clldl7 

clldlO 

ci4d8 

cl4dl5 

cl4d20 

cl5d9 

cl5dl6 

cl5d21 

cl5di4 

cl6dl0 

315  cl6dl7 

cl6d22 

cl6dl5 

cl7dll 

cl7d23 

Cl7dl6 

c20dl4 

c20d21 

c20d26 

c2idi5 

316  c21d22 

c21d27 

c2ld20 

c22dl6 

c22d23 

c22d28 

c22d21 

c23dl7 

c23d29 

c23d22 

317  c26d20 

c26d27 

c27d21 

c27d28 

c27d26 

c28d22 

c28d29 

c28d27 

c29d23 

c29d28 

318  d8e9 

d8el4 

d9el0 

d9el5 

d9e8 

dlOell 

dl0el6 

dl0e9 

dllei7 

dlleiO 

319  dl4e8 

dl4el5 

di4e20 

dl5e9 

dl5ei6 

dl5c21 

dl5el4 

dl6el0 

dl66l7 

dl6e22 

320  dl6el5 

dltell 

dl7e23 

dl7ei6 

d20el4 

d20c21 

d20c26 

d21el5 

d21c22 

d21e27 

321  d21e20 

d22el6 

d22e23 

d22e28 

d22c21 

d23el7 

d23e29 

d23e22 

d26e20 

d26e27 

322  d27e21 

d27e28 

d27e26 

d28e22 

d28e29 

d28e27 

d29e23 

d29e28 

6819 

e8114 

323  e9f 10 

e9fl5 

e9f8 

elOfll 

C10116 

el019 

011117 

ellllO 

el418 

el4115 

324  el4f20 

el5f9 

el5fl6 

615121 

el5114 

elSllO 

el6117 

C16122 

616115 

C17111 

325  el7f23 

el7fl6 

e20fl4 

e20121 

e20126 

621115 

021122 

621127 

C21120 

e22116 

326  e22f23 

022128 

e22f21 

e23fl7 

e23129 

e23122 

626120 

C26127 

627121 

C27128 

327  e27f26 

e28f22 

e28f29 

e28127 

e29123 

e29128 

18di 

19dl 

llOdl 

nidi 

328  fl4dl 

flSdl 

fl6dl 

fl7dl 

i20di 

121dl 

122dl 

123dl 

126di 

127dl 

329  f28dl 

f29dl 

d8d2 

d9d2 

dl0d2 

dlld2 

dl4d2 

dlSd2 

dl6d2 

dl7d2 

330  d20d2 

d21d2 

d22d2 

d23d2 

d26d2 

d27d2 

d28d2 

d29d2 

_type_S 

_rhs_; 

331  cards; 

NOTE:  SAS  : 

;;cnt  to  a 

new  line 

shen  INPUT 

statcscnt  reached 

past  th6  end  of 

a  line. 

NOTE:  The  data  set  WORK.COHD  has  32  observations  and  290  variables. 


621=  proc  netflow 

622  n6dedata=noded 

623  arcdata=arcd 

624  c6ndata=cond 

625  cohout=solution; 

626  run; 

NOTE:  Number  of  nodes=  99  . 

NOTE:  Niunber  of  supply  nodes=  1  . 

NOTE:  Number  of  demand  nodes=  2  . 

NOTE:  Total  supply=  2  ,  total  demand=  2  . 

NOTE:  Number  of  ■arcs=  288  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  98  . 
NOTE:  Of  sthese,  96  were  degenerate. 

NOTE:  Optimum  (neglecting  emy  constraints)  round. 

NOTE:  Minimal  total  cost=  10  . 

NOTE:  Number  of  <=  side  constraants=  16  . 

NOTE:  Number  of  ==  side  constraints=  0  . 

-  -Xz:  -  ' 

NOTE:  Number  of  >=  side  constraints=  16  . 

NOTE:  Niunber  of  arc  and  nonarc  variable  side  constraint  coeff icients=  1400 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  484  . 

NOTE:  Of  these,  470  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  12  . 

NOTE:  the  data  set  WORK . SOLUTION  has  288  observations  and  14  variables. 

627  print  arcs/nonzerd ;  run; 

NOTE:  The  PROCEDURE  NETFLOW  printed  page  1. 

NOTE:  SAS  Institute  Inc.,  SAS  Circle,  PO  Box  8000,  Cary,  NC  27512-8000 


N_ 

_FR0M_ 

I 

o 

H 

1 

_C0ST_ 

_CAPAC_ 

_L0_ 

_NAME_ 

_SUPPLY_ 

1 

ss 

al4 

1 

1 

0 

3SA14 

2 

2 

ss 

al7 

1 

1 

0 

SSA17 

2 

3 

ss 

a21 

2 

1 

0 

SSA21 

2 

4 

ss 

a27 

2 

1 

0 

SSA27 

2 

5 

a21 

bl5 

1 

1 

0 

A21B15 

6 

al7 

bl6 

1 

1 

0 

A17B16 

7 

al4 

b20 

2 

1 

0 

A14B20 

8 

a27 

b21 

2 

1 

0 

A27B21 

9 

b20 

cl4 

1 

1 

0 

B20C14 

10 

b21 

cl5 

1 

1 

0 

B21C15 

11 

bl5 

c21 

2 

1 

0 

B15C21 

12 

bi6 

c22 

1 

1 

0 

B16C22 

13 

f8 

dl 

0 

1 

0 

F8D1 

14 

f9 

dl 

0 

1 

0 

F9D1 

15 

cl4 

dl5 

1 

1 

0 

C14D15 

17 

c21 

d20 

2 

1 

0 

C21D20 

18 

c22 

d23 

1 

1 

0 

C22D23 

19 

cl5 

d9 

1 

1 

0 

C15D9 

20 

dl5 

el4 

1 

1 

0 

D15E14 

21 

d20 

el4 

1 

1 

0 

D20E14 

22 

d9 

e8 

1 

1 

0 

D9E8 

23 

el4 

f8 

1 

1 

0 

E14F8 

24 

e8 

f9 

1 

1 

0 

E8F9 

_N_ 

.DEMAND. 

_FL0W^ 

.FCOSf. 

_RCOST_ 

_STATUS_ 

1 

0.25 

0.25 

KEY_ARC 

BASIC 

2 

1 

1 

NONKEY  ARC 

BASIC 

3 

0.25 

0.5 

NONKEY  ARC 

BASIC 

4- 

0.5 

1 

NONKEY  ARC 

BASIC 

5 

0.25 

0.25 

KEY_ARC 

BASIC 

6 

1 

1 

KEY.ARC 

BASIC 

7 

0.25 

0.5 

NONKEY  ARC 

BASIC 

8 

0.5 

1 

KEY_ARC 

BASIC 

9 

0.25 

0.25 

KEY.ARC 

BASIC 

10 

0.5 

0.5 

KEY_ARC 

BASIC 

11 

0.25 

O.E 

NONKEY  ARC 

BASIC 

12 

1 

1 

KEY.ARC 

BASIC 

13 

1 

0.5 

0 

KEY_hkC 

BASIC 

14 

1 

0.5 

0 

KEY.ARC 

BASIC 

15 

* 

0.25 

0.25 

KEY.ARC 

BASIC 

16 

1 

1 

0 

KEY_ARC 

BASIC 

17 

0.25 

0.5 

KEY.ARC 

BASIC 

18 

1 

1 

KEY.ARC 

BASIC 

19 

0.5 

0.5 

KEY_ARC 

BASIC 

20 

0.25 

0.25 

KEY.ARC 

BASIC 

21 

0.25 

0.25 

KEY.ARC 

BASIC 

22 

0.5 

0.5 

NONKEY  ARC 

BASIC 

23 

0.5 

0.5 

KEY.ARC 

BASIC 

24 

0.5 

0.5 

, 

KEY.ARC 

BASIC 
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C.13:  Partial  .log  and  .lis  Output  Files  for  Problem  AREAWALL3,  Run  2 


NOTE:  Number  of  nodes=  99  . 

NOTE::  Number  of  supply  nodes=  1  . 

NOTE:  Number  of  demand  nodes=  2  . 

NOTE:.  Total  supply=  2  ,  total  demand=  2  . 

NOTE:  Niunber  of  arcs=  288  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  98  . 

NOTE:  Of  these,  96  were  degenerate. 

NOTE:  Optihnun  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  10  . 

NOTE:.  Number  of  <=  side  constraints=  16  . 

NOTE:  Number  of  ==  side  constraints=  1  . 

NOTE:  Number  of  >=  side  cohstraints=  16  . 

NOTE:.  Number  of  arc  and  noharc  variable  side  constraint  coeff icients=  1402  . 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  768  . 

NOTE:  Of  these,  748  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  12  . 

NOTE:-  The  data  set  WORK. SOLUTION  has  288  observations  and  14  variables. 

636  print  arcs/nonzero;  run; 

NOTE:  The  PROCEDURE  NETFLOW  printed  page  1. 


NOTE:  SAS  Institute  Inc.,  SAS  Circle,  PO  Box  8000,  Cary,  NC  27512-8000 


-N_ 

_FR0M 

_T0_ 

-COST. 

.CAPAC. 

_L0. 

.NAME. 

.SUPPLY. 

1 

ss 

al7 

1 

1 

0 

SSA17 

2 

2 

ss 

a8 

1 

1 

0 

SSA8 

2 

3 

a8 

bl4 

1 

1 

0 

A8B14 

4 

al7 

bl6 

1 

1 

0 

A17B16 

5 

al7 

b23 

1 

1 

0 

A17B23 

6 

bl4 

cl5 

1 

1 

0 

B14C15 

7 

bl6 

CIS 

1 

1 

0 

B16C15 

8 

bl4 

c20 

2 

1 

0 

B14C20 

9 

b23 

c22 

1 

1 

0 

B23C22 

10 

fl6 

dl 

0 

1 

0 

F16D1 

11 

f21 

dl 

0 

1 

0 

F21D1 

12 

d9 

d2 

0 

1 

0 

D9D2 

13 

c20 

d21 

2 

1 

0 

C20D21 

14 

c2'2 

d23 

1 

1 

0 

C22D23 

15 

cl5 

d9 

1 

1 

0 

C15D9 

16 

d23 

e22 

1 

1 

0 

D23E22 

17 

d21 

e27 

2 

1 

0 

D21E27 

18 

e22 

fl6 

1 

1 

0 

E22F16 

19 

e27 

f21 

2 

1 

0 

E27F21 

_N_ 

- 

DEMAND. 

.FLOW. 

.FCOST. 

- 

RCOST.  .STATUS 

1 

1 

1 

KEY.ARC 

1 


2 

1 

1 

-99999987 

UPPERBD  NONBASIC 

3 

1 

1 

• 

KEY.ARC 

BASIC 

4 

0.5 

0.5 

KEY_ARC 

BASIC 

5 

0.5 

0.5 

KEY_,''.RC 

BASIC 

6 

0.5 

0.5 

KEY_ARC 

BASIC 

7 

6.5 

0.5 

KEY.ARC 

BASIC 

8 

0.5 

1 

KEY.ARC 

BASIC 

9 

0.5 

0.5 

kEY_ARC 

BASIC 

iO 

1 

0.5 

0 

KEY_ARC 

BASIC 

11 

1 

0.5 

0 

NONKEY  ARC 

BASIC 

12 

1 

1 

0 

KEY_ARC 

BASIC 

13 

0.5 

1 

KEY_ARC 

BASIC 

14 

0.5 

0.5 

KEY_ARC 

BASIC 

IS 

1 

1 

KEY_ARC 

BASIC 

16 

0.5 

0.5 

KEY_ARC 

BASIC 

17 

0.5 

1 

KEY.ARC 

BASIC 

18 

0.5 

0.5 

NONKEY  ARC 

BASIC 

19 

0.5 

1 

NONKEY  ARC 

BASIC 
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C.i4  Partial  .log  and  .lis  Output  Files  for  Problem  AREAWALL3,  Run  3 


NOTE:  Number  of  nodes=  99  . 

NOTE:  iNuraber  of  supply  nodes=  1  . 

NOTE;  iNumbef  of  demand  nodes=  2  . 

NOTE:  Total  supply=  2  ,  total  demand=  2  . 

NOTE:  .Number  of  arcs=  288  . 

NOTE:  Nximber  of  iterations  performed  (neglecting  any  constraints)=  98  . 

NOTE;  :0f  these,  96  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  sMinimal  total  cost=  10  . 

NOTE:  Number  of  <=  side  constraints=  16  . 

NOTE:  Number  of  ==  side  constraints=  1  . 

NOTE: -Nxunber  of  >=  side  constraints=  16  . 

NOTE:  Number  of  arc  ^d  nonarc  variable  side  constraint  coeff icients=  1407  . 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  1180  . 

NOTE:  Of  these,  1155  were  degenerate. 

NOTE:  -Optimum  reached. 

NOTE:  -MinimaT  total  cost=  12  . 

NOTE:  The  data  set  WORK . SOLUTION  has  288  observations  and  14  variables. 

636  print  arcs/nonzero;  run; 

NOTE •  The  PROCEDURE  NETFLOW  printed  page  1 . 


NOTE:  SAS  Institute  Inc.,  SAS  Circle,  PO  Box  8000,  Cary,  NC  27512-8000 


_FR0M 

_T0_ 

-COST. 

.CAPAC. 

-L0_ 

.NAME.  .SUPPLY. 

1 

ss 

al7 

1 

1 

0 

SSA17 

2 

2 

ss 

a8 

1 

1 

0 

SSA8 

2 

3 

a8 

bl4 

1 

1 

0 

A8B14 

4 

al7 

bl6 

1 

1 

0 

A17B16 

5 

bl4 

c20 

2 

1 

0 

B14C20 

6 

bl6 

c22 

1 

1 

0 

B16C22 

7 

f9 

dl 

0 

1 

0 

F9D1 

8 

d23 

d2 

0 

1 

0 

D23D2 

9 

c20 

d21 

2 

1 

0 

C20D21 

10 

c22 

d23 

1 

1 

0 

C22D23 

11 

d21 

el5 

1 

1 

0 

D21E15 

12 

el5 

f9 

1 

1 

0 

E15F9 

• 

_N_ 

- 

DEMAND. 

-FLOW. 

.FCOST. 

-RCOST. 

.STATUS. 

1 

1 

1 

KEY.ARC 

BASIC 

2 

1 

1 

KEY.ARC 

BASIC 

3 

1 

1 

KEY.ARC 

BASIC 

4 

1 

1 

KEY.ARC 

BASIC 

5 

1 

2 

KEY.ARC 

BASIC 

6 

1 

1 

KEY.ARC 

BASIC 

7 

1 

1 

0 

KEY.ARC 

BASIC 

8 

1 

1 

0 

0 

UPPERBD 

NONBASIC 
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9; 

1 

2 

. 

KEY_ARC 

BASIC 

i6> 

1 

1 

. 

KEY.ARC 

BASIC 

11= 

1 

1 

1.110223E-16 

UPPERBD 

NONBASIC 

12 

1 

1 

, 

KEY_ARC 

BASIC 

193 


C.15  Partial  .log  and  .lis  Output  Files  for  Problem  CELLBORDBRl,  Run  1 


NOTE:  Number  of  nodes=  108  . 

Ndf|:  Number  of  supply  r.pdes=  1  . 

NOTE:  Number  of  demajid  h6des=  2  . 

NOTE:  Total  supply=  8  ,  total  demand=  8  . 

NOTE:  Number  of  afcs=  216  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  128  . 
NOTE:  Of  these,  117  were  degenerate. 

NOTE:  Optimiun  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  8  . 

NOTE:  The  data  set  WORK. SOLUTION  has  216  observations  and  14  variables. 
234  print  arcs/nonzero;  run; 

NOTE:  The  PROCEDURE  NETFLOW  printed  page  1. 


NOTE: 

SAS  Institute  Tnc. 

,  SAS  Circle, 

PO  Box 

8000,  Cary 

,  NC  27512^8000 

_N_ 

_FR0M_ 

_T0_ 

_C0ST_ 

_CAPAC_ 

_L0_ 

_SUPPLY_  _DEMAND_ 

1 

bl7 

DE 

0 

1 

0 

6 

2 

bl8 

DE 

0 

1 

0 

6 

3 

bl9 

DE 

0 

1 

0 

6 

4 

b20 

DE 

0 

1 

0 

6 

5 

b41 

DE 

0 

1 

0 

6 

6 

b42 

DE 

0 

1 

0 

6 

7 

c20 

Die 

0 

2 

0 

2 

8 

c21 

Die 

0 

2 

0 

2 

9 

ml4 

bl7 

0 

1 

0 

10 

ml4 

bl8 

0 

1 

0 

11 

ml4 

bl9 

0 

1 

0 

12 

ml4 

b20 

0 

1 

0 

13 

m22 

b41 

0 

1 

0 

14 

m22 

b42 

0 

1 

0 

15 

m22 

b43 

0 

1 

0 

16 

m29 

b61 

0 

1 

0 

17 

b43 

c20 

0 

j 

0 

18 

b61 

c21 

0 

1 

0 

19 

S 

ml4 

1 

4 

0 

8 

20 

S 

m22 

1 

4 

0 

8 

21 

S 

m29 

1 

4 

0 

8  • 

_N_ 

_FL0W_ 

_FC0ST_ 

.RC0ST_ 

_STATUS_ 

_NAHE_ 

1 

1 

0 

0 

UPPERBD  HONBASIC 

bl7DE 

2 

1 

0 

0 

UPPERBD  NONBASIC 

bl8DE 

3 

1 

0 

. 

KEY_ARC  BASIC 

bl9DE 

4 

1 

0 

0 

UPPERBD  HONBASIC 

b20DE 

5 

1 

0 

, 

KEY.ARC  BASIC 

b41DE 

6 

1 

0 

0 

UPPERBD  NONBASIC 

b42DE 

7 

1 

0 

. 

KEY_ARC  BASIC 

C20DIC 
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8 

1 

0 

. 

r:EY_ARC 

BASIC 

C21DIC 

9 

1 

0 

0 

UPPERBD 

NONBASIC 

ml4bl7 

10 

1 

0 

. 

KEY_ARC 

BASIC 

ral4bl8 

1 

0 

0 

UPPERBD 

NONBASIC 

ml4bl9 

12 

1 

0 

KEY_ARC 

BASIC 

ral4b20 

■13 

1 

0 

UPPERBD 

NONBASIC 

m22b41 

14 

1 

0 

. 

KEY_ARC 

BASIC 

ra22b42 

15 

1 

0 

K£Y_ARC 

BASIC 

n22b43 

46 

1 

0 

KEY.ARC 

BASIC 

r:'.29b61 

17 

1 

0 

0 

UPPERBD 

NONBASIC 

b43c20 

18 

1 

0 

. 

KEY_ARC 

BASIC 

b61c21 

19 

4 

4 

KEY.ARC 

BASIC 

Sml4 

20 

3 

3 

. 

KtY..ARC 

BASIC 

Sm22 

21 

1 

1 

KEY. ARC 

BASIC 

Sm29 

J95 


C.i6  Input  File  for  Problem  CELLBORDERl,  Run  2 

data  nodeu; 

input  _node_$  _sd_; 
cards ; 

S  8 
DE  -6 
DIR-  0 
DIG;  -2 


data  arcd; 

input  ^fro;  .$  _to^$  ..cost_  _capac _ najne_$; 

cards ; 


S  m8 

4 

:  Sm8 

S  m9  . 

4 

;  Sin9 

S  mlO 

4 

SmlO: 

S  inll 

4 

Smll 

S  ml4 

4 

Sml4 

S  ml5 

4 

Sml5 

S  ml6 

4 

Sml6 

S  ml7 

4 

Sml7 

-S  :m20 

4 

Sm20 

S  m2i 

4 

Sm21 

S  t.22 

4 

Sin22 

:S  m23 

4 

Sm23 

S.  :ni26 

4 

Sm26 

S-  -m27 

4 

Sm27 

S  ^28 

4 

Sm28 

S  :in29 

4 

Sin29 

m8  bl 

1 

m8bl 

bi  DE 

6 

1 

blDE 

m8  :b2 

. 

1 

m8b2 

b2  DE 

6 

1 

b2DE 

b2  cl 

6 

1 

b2cl 

cl  DIR 

, 

2 

clDIR 

m8  b3 

1 

m8b3 

b3  DE 

b3DE 

b3  c2 

c2  DIG 

4 

b3c2 

c2DIG 

m8  b4 

. 

1 

m8b4 

b4  DE 

6 

1 

b4DE 

m9  bS 

. 

1 

m9b5 

bS  DE 

5 

1 

bSDE 

ra9  b6 

. 

1 

in9b6 

b6  DE 

5 

1 

b6DE 

b6  c3 

S 

1 

b6c3 

c3  DIR. 

,  , 

2 

c3DIR 

m9  b7 

. 

1 

m9b7 

b7  DE 

5 

1 

b7DE 

b7  c4 

5 

1 

b7c4 

c4  DIG 

. 

2 

C4DIG 

m9  b8 

1 

m9b8 

J96 


ibS  DE 

S  1 

b8DE 

IbS  cl 

S  1 

bScl 

imlO  ;b9 

.  1 

mi0b9 

ib9  D| 

3:  1 

b9DE 

5mlO:  ;blO 

.  1 

mlOblO 

IblO  DE 

3  1 

blODE 

iblO  =c5 

3  1 

blOcS 

■:c5  DIR 

.  2 

cSDIR 

ftniO  bll 

.  1 

mlObll 

ibll  DE 

3  1 

bllDE 

Ibll  c6 

3  1 

bllc6 

tc6  Die 

.  2 

c6Die 

imlO  bl2 

.  1 

ml0bl2 

ft)12  DE 

3  1 

bl2DE 

ibl2  h 

3  1 

bl2c3 

imll  =bl3 

.  1 

mllblS 

ibl3  (DE 

4  1 

bl3DE 

!mll 

.  1 

mllbl4 

I.bl4  DE 

4  1 

bl4DE 

irall  bl5 

.  1 

mllblS 

ibl5  -DE 

4  1 

blSDE 

ibis  -c? 

4  1 

.bl5c7 

.67  -Die 

.  2 

ctDie 

■mil  bl6 

•_  1 

mllbie 

lbl6  DE 

4  1 

blfiDE- 

‘bl6-  x5 

4  1 

bl6cS 

!ml4  .bl7 

.  1 

'ml4bl7- 

■bit-  Be 

1  1 

bl7DE 

4i7  c2 

1  1 

bl7c2 

rmll  bl8 

.  1 

ml4bl8 

sbl8  Be 

i  1 

bl8DE 

sbl8  c8 

1  1 

bl8c8 

c8  DIR 

.  2 

C8DIR 

sp4  bl9 

.  1 

ml4bl9 

bl9  DE 

1  1 

bl9DE 

'bl9  c9 

1  1 

bl9c9 

c9  Die 

.  2 

c9Die 

.mi4  b20 

.  1 

ml4b20 

b20  DE 

1  1 

b20DE 

.mis  b21 

.  1 

mlSb21 

■b21  DE 

3  1 

b21DE 

b21  c4 

3  1 

b21c4 

mis  b22 

.  1 

mlSb22 

b22  DE 

3  1 

b22DE 

b22  clO 

3 

1  b22cl0 

clO  DIR 

.  2 

clODIR 

raiS  b23 

.  1 

ml5b23 

o23  DE 

3  1 

b23DE 

b23  ell 

3 

1  b23cll 

ell  Die 

.  2 

cllDIC 

mis  b24 

.  1 

ml5b24 
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b24 

DE 

3 

1 

b24DE 

b24 

c8 

3 

1 

b24c8 

b25 

. 

1 

ml6b25 

b25 

DE 

2 

1 

b25DE 

b25 

c6; 

2 

1 

b25c6 

mlf 

b26 

1 

ml6b26 

b26 

DE 

2 

1 

b26pE 

b26; 

cl2 

2 

1 

b26cl2 

cli 

DIR 

, 

2 

C12DIR 

ml6 

b27 

, 

1 

ml6b27 

b27 

DE 

2 

1 

b27DE 

b27 

cl3 

2 

1 

b27cl3 

cl3 

Die 

2 

cl3Die 

mie 

b28 

, 

1 

inl6b28 

b28 

DE 

2 

1 

b28pE 

b28. 

clO 

2 

1 

b28cl0 

mif. 

b29 

1 

ml7b29 

b29 

DE 

2 

1 

b29DE 

b29 

c7 

2 

1 

b29c7 

ml7 

b30 

. 

1 

ml7b30 

bsg 

DE 

2 

1 

b30DE 

ml7 

b31 

• 

1 

ml7b31 

b31 

DE 

2 

1 

b31DE 

bsi 

cl4 

2 

1 

b31cl4 

ci'l 

Die 

, 

2 

C14DIC 

ml7 

b32 

• 

1 

ml7b32 

b32 

DE 

2 

1 

b32DE 

b32 

cl2 

2 

1 

b32cl2 

ni20 

b33 

1 

m20b33 

b33 

DE 

5 

1 

b33DE 

b33 

c9 

5 

1 

b33c9 

m2g 

b34 

. 

1 

m20b34 

:b34 

DE 

5 

1 

b34DE 

b34 

cl5 

5 

1 

b34cl5 

clS 

DIR 

. 

2 

C15DIR 

m20 

b35 

1 

m20b35 

b35 

DE 

5 

1 

b35DE 

b35 

cl6 

5 

1 

b35cl6 

cl6 

Die 

. 

2 

cl6Die 

m26 

b36 

. 

1 

in20b36 

b3| 

DE 

5 

1 

b36DE 

m2i 

b37 

, 

1 

in21b37 

b37 

DE 

4 

1 

b37DE 

b37 

ell 

4 

1 

b37cll 

m2i 

b38 

, 

1 

m21b38 

b38 

DE 

4 

1 

b38DE 

b38 

cl7 

4 

1 

b38cl7 

clt 

DIR 

• 

2 

C17DIR 

m21 

b39 

. 

1 

m21b39 

b39 

DE 

4 

1 

b39DE 

b39 

cl8 

4 

1 

b39cl8 

cl8 

Die 

. 

2 

cl8Die 

m2i- 

b40 

1 

m21b40 

b40 

DE 

4 

1 

b40DE 

b4d= 

cl5 

4 

1 

b40cl5 

in22 

b41 

. 

1 

tn22b41 

b4t 

DE 

1 

1 

b41DE 

b4¥ 

cl3 

1 

1 

b41cl3 

m22' 

b42 

. 

1 

m22b42 

b42 

DE 

i 

1 

b42DE 

b42 

cl9 

1 

1 

b42cl9 

cl9 

DIR 

2 

C19DIR 

in22 

b43 

i 

1 

m22b43 

b43 

DE 

1 

1 

b43DE 

b43 

c20 

1 

1 

b43c20 

c26= 

Die 

2 

c20Die 

m22 

b44 

1 

m22b44 

b44> 

DE 

r= 

1 

b44DE 

b4't 

cl7 

1 

1 

b44cl7 

in23’ 

b45 

. 

1 

m23b45 

=b4i 

DE 

3- 

1 

b45DE 

;b45 

cl4 

3 

1 

t45cl4 

=m23 

-b46 

. 

1 

in23b46 

b46' 

DE 

3 

1 

b46DE 

:m23 

b47 

i 

1 

m23b47 

b47 

-DE 

3 

i 

b47DE 

b47 

c21 

-3 

1 

b47c21 

c21 

Die 

. 

2 

c21Die 

in23 

b48 

. 

1 

ni23b48 

b48 

DE 

3 

1 

b48DE 

b48 

cl9 

3 

1 

b48cl9 

rm26 

b49 

. 

1 

ni26b49 

b49 

DE 

2 

1 

b49DE 

b49 

cl6 

2 

1 

b49cl6 

m26 

bSO, 

. 

1 

m26b50 

.b5d 

DE 

2 

1 

bSODE 

bso 

c22 

2 

1 

b50c22 

c22 

DIR 

. 

2 

C22DIR 

n!26 

b51 

, 

1 

m26b51 

bSl 

DE 

2 

1 

bSlDE 

m26 

b52 

. 

1 

m26b52 

b52 

DE 

2 

1 

b52DE 

'■ni27 

b53 

. 

1 

m27b53 

b53 

DE 

2 

1 

b53DE 

b53 

cl8 

2 

1 

b53cl8 

m27 

b54 

1 

ra27b54 

b54 

DE 

2 

1 

b54DE 

b54 

c23 

2 

1 

b54c23 

c23 

DIR 

. 

2 

C23DIR 

m27 

bSS 

, 

1 

m27b55 

bSS 

DE 

2 

1 

bSSDE 

in27 

b56 

1 

m27b56 

§56 

DE 

2: 

1 

b56DE 

§56 

c22 

2 

1 

b56c22 

528= 

b57 

. 

1 

m28b57 

?|7 

DE 

3 

1 

b57DE- 

■w 

c20 

3 

1 

b57c20 

528 

b58 

; 

1 

m28b58 

ill 

DE 

3 

1 

b58DE 

:§|8 

c24 

3 

1 

b58c24 

c24 

DIR 

, 

2 

C24DIR 

528 

b59 

• 

1 

m28b59 

ts? 

DE 

3 

1 

b59DE 

528 

b60 

; 

1 

m28b60 

!§|o 

DE 

3 

1 

b60DE- 

§60 

c23 

3 

1 

b60c23 

§2? 

b61 

• 

1 

m29b61 

bei 

DE 

1 

1 

b61DE. 

4ii 

c21 

i 

1 

b61c21 

mfl 

b62 

. 

1 

m29§62 

§62 

DE 

1 

1 

b62Di= 

=529 

b63 

, 

1 

in29b63 

§63 

DE 

1 

1 

b63DE 

129 

b64 

• 

1 

m29b64 

DE 

1 

1 

b64DE 

§64 

c24 

1 

1 

b64c24 

data  cpnd; 
input 


:Sm8 

Sm9 

SmlO 

Smll 

Sml4 

Sml5 

Sml6 

Sml7 

Sm20 

Sni21 

Stn22 

Sin23 

S526 

5527 

Sm28 

Sm29 

m8bl 

blDE 

m8b2 

b2DE 

b2cl 

clDIR 

m8§3 

b3DE 

b3c2 

c2DIC 

in8b4 

b4DE 

m9b5 

b5DE 

59§6 

b6DE 

b6c3 

C3DIR 

m9b7 

b7DE 

b7c4 

c4DIC 

m9b8 

b8DE 

b8cl 

510b9 

b9DE 

ralOblO 

blODE 

blOcS 

c5DIR 

mlObll 

bllDE 

bllc6 

c6DIC 

ml0bl2 

bl2DE 

bl2c3 

mllbl3 

bl3DE 

rallbl4 

bl4DE 

mllblS 

bl5DE 

bi5c7 

c76iC 

mllbl6 

bl6DE 

bl6c5 

ml4bl7 

bl7DE 

bl7c2 

ml4bl8 

blSDE 

b^c8 

c8piR 

ml4bl9 

bl9DE 

bl9c9 

c9DIC 

ral4b20 

b20DE 

ml5b21 

b21DE 

b21c4 

inl5b22 

b22pE 

b22cl0 

clODIR 

ml5b23 

b23DE 

b23cll 

cllDIC 

ml5b24 

bi4DE 

b24c8 

inl6b25 

b25DE 

b25c6 

ml6b26 

b26DE 

b26cl2 

C12DIR 

ml6b27 

b27DE 

b27cl3 

c13DIC 

ml6b28 

b28DE 

b28ci0 

ml7b29 

b29DE 

b29c7 

ml7b30 

bfODE 

ml7b31 

bSlDE 

b31ca4 

C14DIC 

ml7b32 

b32DE 

b32cl2 

m20b33 

b33DE 

b33c9 

m20b34 

b34DE 

b34cl5 

C15DIR 

ra20b35 

b35DE 

b35cl6 

C16DIC 

m20b36 

b36DE 

m21b37 

b37DE 

b37cll 

m21b38 

b38DE 

b38cl7 

C17DIR 

m21b39 

b39DE 

§39c18 

clSDIC 

m21b40 

b40DE 

b40cl5 

m22b41 

b41DE 

b41cl3 

m22b42 

b42DE 

b42cl9 

C19DIR 

m22b43 

b43DE 

b43c20 

C20DIC 

ni22b44 

b44DE 

b44cl7 

m23b45 

b45DE 

b45cl4 

m23b46 

b46DE 

in23b47 

b47DE 

b47c2i 

C21DIC 

m23b48 

b48DE 

§48019 

in26b49 

b49DE 

b49cl6 

m26b50 

b50DE 

b50c22 

C22DIR 

m26b51 

b5lDE 

526b52 

bS2DE 

ra27b53 

b53DE 

b53cl8 

m27b54 

b54DE 

b54c23 

C23DIR 

ra27b55 

b55DE 

in27b56 

b56DE 

b56c22 

m28b57 

b57DE 

b57c20 

in28b58 

b58DE 

b58c24 

C24DIR 

m28b59 

b59DE 

m28b60 

b60DE 

b60c23 

ni29b61 

b61DE 

b61c21 

ra29b62 

b62DE 

m29b63 

b63DE 

m29b64 

b64DE 

b64c24 

_type_$ 

_rhs_; 

cards; 

...  1  . 
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Partial  .log  and  .lis  Output  Files  for  Problem  CELLBORDERl,  Run  2 

iNOTE:  Number  of  hpdes=  10b‘  . 

■NOTE:  Number  of  supply  nodes=  1  . 

■NOTE:  Number  of  demand  nodes=  2  . 

INOTE:  Total  supply =  8  ,  total  demand=  8  . 

NOTE:  Number  of  arcs=  216  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  122  . 
INOTE:  Of  these,  115  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

•NOTE:  Minimal  total  cost=  8  . 

iNOTE:  Number  of  <=  side  constraints^  0  . 

INOTE:  Number  of  ==  side  constraints=  72  . 

INOTE:  Number  of  >=  side  constraints^  0  . 

iNOTE:  Number  of  arc  and  nonarc  variable  side  constraint  coefficients=  240  . 
iNOTE:  Number  of  iterations,  optimizing  with  constraihts=  97  . 

INOTE:  Of  these,  89  were  degenerate. 

■NOTE;  Optima  reached. 

.'NOTE:  Minimal  total  cost=  12  . 

NOTE:  The  data  set  WORK . SOLUTION  has  216  observations  and  14  variables. 

765  print  arcs/nonzero;  run; 

■NOTE:  The  PROCEDURE  NETFLOW  printed  page  1. 

NOTE:  SAS  Institute  Inc.,  SAS  Circle,  PO  Box  8000,  Cary,  NC  27512-8000 


.FROM 

_T0_ 

-COST. 

.CAPAC. 

_L0. 

.NAME. 

-SUPPLY. 

b25 

DE 

2 

1 

0 

B25DE 

2 

b26 

DE 

2 

1 

0 

B26DE 

3 

b28 

DE 

2 

1 

0 

B28DE 

4 

b42 

DE 

1 

1 

0 

B42DE 

5 

b43 

DE 

1 

1 

0 

1543DE 

6 

b44 

DE 

1 

1 

0 

B44DE 

7 

cl3 

Die 

f'. 

V 

2 

0 

C13DIC 

8 

ml6 

b25 

0 

1 

0 

M16B25 

9 

ral6 

b26 

0 

1 

0 

M16B26 

10 

ral6 

b27 

0 

1 

0 

M16B27 

11 

ml6 

b28 

0 

1 

0 

M16B28 

12 

m22 

b41 

0 

1 

0 

M22B41 

13 

m22 

b42 

0 

1 

0 

H22B42 

14 

m22 

b43 

0 

1 

0 

M22B43 

15 

m2  2 

b44 

0 

1 

0 

M22B44 

16 

b27 

cl3 

2 

1 

0 

B27C13 

17 

b41 

cl3 

1 

1 

0 

B41C13 

18 

S 

ml6 

0 

4 

0 

SM16 

8 

19 

S 

m22 

0 

4 

0 

SM22 

8 

_N_ 

- 

DEMAND. 

-FLOW. 

.FCOST. 

- 

.RCOST.  .STATUS. 

1 

6 

1 

2 

NONKEY  ARC  BASIC 
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2 

6 

1 

2 

. 

NONKEY  ARC 

BASIC 

3 

6 

1 

2 

NONKEY  ARC 

BASIC 

4 

6 

1 

1 

KEY_ARC 

BASIC 

5 

6 

1 

1 

KEY_ARC 

BASIC 

6 

6 

1 

1 

KEY.ARC 

BASIC 

7 

2 

2 

0 

KEY_ARC 

BASIC 

8 

1 

0 

KEY.ARC 

BASIC 

9 

1 

0 

KEY.ARG 

BASIC 

10 

1 

0 

KEY.ARC 

BASIC 

11 

1 

0 

KEY.ARC 

BASIC 

12 

1 

0 

-2 

UPPERBD  NONBASIC 

13 

1 

0 

NONKEY  ARC 

BASIC 

14 

1 

0 

NONKEY  ARC 

BASIC 

15 

1 

0 

KEY_ARC 

BASIC 

16 

1 

2 

NONKEY  ARC 

BASIC 

17 

1 

1 

KEY_ARC 

BASIC 

18 

4 

0 

KEY.ARC 

BASIC 

19 

4 

0 

KEY_ARC 

BASIC 
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C.18  Partial  dog  and  dis  Output  Files  for  Problem  CELLB0RDER2A,  Run  1 

NOTE:  Number  of  nodes=  108  . 

NOTE:  Number  6i-  supply  nodes=  1  . 

NOTE:  Number  of  demaSd  n6des=  3  . 

note;:  Total  supply=  24  ,  total  .demcind=  24  . 

NOfil:  Number  of  arcs=  216.  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  140  . 

NOTE:  Of  these,  117  .were  degenerate. 

NOTE:  Optimum  (neglecting- any  constraints)  found. 

NOTE:  Minimal  total  cost=  24  . 

NOTE:  Nvmber  of  <=  side  cpnstraints=  0  . 

NOTE:  Number  of  ==  side  cbnstraints=  72  . 

NOTE:  Number  of  >=  side  constraints^  0  . 

-- - 

NOTE:  Number  of  arc  ;and  nonarc -variable  side  constraint  coefficients=  240  . 
NOTE:  Number  of  iterations,  optimizing  with  constraihts=  123  . 

NOTE:  Of  theses  105  .were- degenerate  . 

NOTE:  Optimum -reached . 

NOTE :  Minimal  totaT  cost=  32  . 

NOTE:  Thesdata  set  WORK. SOLUTION  has  216  observations  and  14  variables. 

765  print  arcs/nohzero ;  run; 


NOtf:  The:  PROCEDUREiNETFL0W  prihted= pages  1-3. 


N_ 

^raoM^ 

_T0_ 

^eosT_ 

_eAPAe_ 

_L0_ 

_NAME_ 

_SUPPLY_ 

1 

bi- 

DE 

0 

1 

0 

BIDE 

2 

b4 

DE 

0 

1 

0 

B4DE 

3 

b5. 

DE 

0 

1 

0 

B5DE 

4 

b6 

DE 

0 

1 

0 

B6DE 

5 

b20 

DE 

0 

1 

0 

B20DE 

6 

b22 

DE 

0 

1 

0 

B22DE 

7 

b35 

DE 

0 

1 

0 

B35DE 

8 

b36 

DE 

0 

1 

6 

B36DE 

9 

b38 

DE 

0 

1 

0 

B38DE 

10 

b39 

DE 

0 

1 

0 

B39DE 

11 

c2 

Die 

0 

2 

0 

e2Die 

12 

c4 

Die 

0 

2 

0 

e4Die 

13 

c9 

Die 

0 

2 

0 

eoDie 

14 

cH 

Die 

0 

2 

0 

eiiDie 

15 

cl 

DIR 

0 

2 

0 

eiDiR 

16 

c8 

DIR 

0 

2 

0 

e8DIR 

17 

cl5 

DIR 

0 

2 

0 

ei5DIR 

18 

m8 

bl 

0 

1 

0 

M8B1 

19 

ml4 

bl7 

0 

1 

0 

H14B17 

20 

ml4 

bl8 

0 

1 

0 

M14B18 

21 

ml4 

bl9 

0 

1- 

0 

H14B19 

22 

m8 

b2 

0 

1 

0 

H8B2 

23= 

ml4 

b20 

0 

1 

0 

M14B20 

24 

ml5 

b21 

0 

1 

0 

H15B21 

25- 

ml5 

b22 

0 

1 

0 

M15B22 

26 

ml5 

b23 

0 

1 

0 

M15B23 

21.3 


ml5 

b24 

0 

1 

0 

M15B24 

m 

■m8 

b3 

0 

1 

0 

M8B3 

29' 

;m20 

b33 

0 

1 

0 

M20B33 

30* 

m20 

b34 

0 

1 

0 

M20B34 

31? 

§20 

b35 

0 

1 

0 

H20B35 

32' 

§20 

b36 

0 

1 

0 

M20B36 

33= 

m21 

b37 

0 

1 

0 

H21B37 

34: 

m21 

b38 

0 

1 

0 

M21B38 

35 

§21 

b39 

0 

1 

0 

M21B39 

36 

m8 

b4 

0 

1 

0 

H8B4 

3? 

m21 

b40 

0 

1 

0 

H21B40 

38 

m9 

b5 

0 

1 

0 

M9B5 

39. 

§9 

b6 

0 

1 

0 

M9B6 

40 

m9 

b7 

0 

1 

0 

M9B7 

4i= 

m9 

b8 

0 

1 

0 

H9B8 

4i 

B2 

cl 

0 

1 

0 

B2C1 

4| 

to 

cl 

0 

1 

0 

B8C1 

44 

|23 

cll 

0 

1 

0 

B23C11 

4-1 

B37 

cll 

0 

1 

0 

B37C11 

# 

1534 

cl5 

0 

1 

0 

B34C15 

4f 

t40 

cl5 

0 

1 

0 

B40C15 

4§- 

is 

c2 

0 

1 

0 

B3C2 

49 

1>17 

c2 

0 

1 

0 

B17C2 

50- 

b7 

c4 

0 

1 

0 

B7C4 

■'Sl 

fe21 

c4 

0 

1 

0 

B21C4 

isi 

il8 

c8 

0 

1 

0 

B18C8 

53 

624 

c8 

0 

1 

0 

B24C8 

s4- 

bl? 

c9 

0 

1 

0 

B19C9 

55 

633 

c9 

0 

1 

0 

B33C9 

56 

- 

S 

inl4 

1 

4 

0 

SH14 

24 

57 

S 

ml5 

1 

4 

0 

SM15 

24 

-58 

S 

m20 

2 

4 

0 

SH20 

24 

39 

S 

m21 

2 

4 

0 

SH21 

24 

60 

s 

ni8 

1 

4 

0 

SH8 

24 

6i 

s 

m9 

1 

4 

0 

SM9 

24 

_DEHAND_ 

_FLOW_  _FCOST_ 

_RCOST_ 

.STATUS. 

1 

10 

1 

0 

KEY.ARC 

2 

10 

1 

0 

KEY.ARC  BASIC 

3 

10 

1 

0 

KEY.ARC  BASIC 

4 

10 

1 

0 

KEY.ARC  B’,SIC 

5 

10 

1 

0 

HOHKEY  ARC  BASIC 

6 

10 

1 

0 

NOKKEY  ARC  BASIC 

7 

10 

1 

0 

NOHKEY  ;BC  BASIC 

8 

10 

1 

0 

NONKEY  ARC  BASIC 

9 

10 

1 

0 

0 

UPPERBD  NONBASIC 

10 

10 

1 

0 

NONKEY  ARC  BASIC 

11 

8 

2 

0 

KEY.ARC  BASIC 

12 

8 

2 

0 

KEY.ARC  BASIC 

13 

8 

2 

0 

KEY.ARC  BASIC 
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14 

8 

2 

0 

KEY_ARC 

BASIC 

15 

6 

2 

0 

KEY.ARC 

BASIC 

16 

6 

2 

0 

KEY.ARC 

PASIC 

17 

6 

2 

0 

HQHKEY  ARC 

BASIC 

18 

1 

0 

HOHKEY  ARC 

BASIC 

19 

0 

HONKEY  ARC 

BASIC 

20 

1 

0 

MONKEY  ARC 

BASIC 

21 

4 

X 

0 

MONKEY  ARC 

BASIC 

22 

1 

0 

MONKEY  ARC 

BASIC 

23 

1 

0 

KEY_ARC 

BASIC 

24 

1 

0 

MONKEY  ARC 

BASIC 

25 

1 

0 

KEY_ARC 

BASIC 

26 

1 

0 

KEY_ARC 

BASIC 

27 

1 

0 

KEY_ARC 

BASIC 

28 

1 

0 

KEY.ARC 

BASIC 

29 

1 

0 

KEY_ARC 

BASIC 

30 

1 

0 

KEY_ARC 

BASIC- 

31 

1 

0 

KEY.ARC 

BASIC 

32 

1 

0 

KEY_ARC 

BASIC 

33 

1 

0 

KEY_ARC 

BASIC 

34 

1 

0 

KEY_ARC 

BASIC 

35 

1 

0 

KEY_ARC 

BASIC 

36 

1 

0 

MONKEY  ARC 

BASIC 

37 

1 

0 

KEY.ARC 

BASIC 

38 

1 

0 

HONKEY  ARC 

BASIC 

39 

1 

0 

NONKEY  ARC 

SASIC 

40 

1 

0 

KEY.ARC 

BASIC 

41 

1 

0 

HONKEY  ARC 

BASIC 

42 

1 

0 

KEY_ARC 

BASIC 

43 

1 

0 

HONKEY  ARC 

BASIC 

44 

1 

0 

MONKEY  ARC 

BASIC 

45 

1 

0 

HONKEY  ARC 

BASIC 

46 

1 

0 

KEY_ARC 

BASIC 

47 

1 

0 

MONKEY  ARC 

BASIC 

48 

1 

0 

MONKEY  ARC 

BASIC 

49 

1 

0 

KEY_ARC 

BASIC 

50 

1 

0 

MONKEY  ARC 

BASIC 

51 

1 

0 

KEY.ARC 

BASIC 

52 

1 

0 

KEY_ARC 

BASIC 

53 

1 

0 

MONKEY  ARC 

BASIC 

54 

1 

0 

MOHKEY  ARC 

BASIC 

55 

1 

0 

MONKEY  ARC 

BASIC 

56 

4 

4 

KEY.ARC 

BASIC 

57 

4 

4 

KEY.ARC 

BASIC 

58 

4 

8 

KEY_ARC 

BASIC 

59 

4 

8 

KEY_ARC 

BASIC 

60 

4 

4 

KEY.ARC 

BASIC 

61 

. 

4 

4 

KEY_ARC 

BASIC 
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C.19  Partial  .log  and  .lis  Output  Files  for  Problem  CELLB0RDER2B,  Run  1 

NOTE:  Number  of  nodes=  108  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:  Number  of  demand  nodes=:  3  . 

NOTE:  Total  supply =  24  ,  total  demand=  24  . 

NOTE:  Number  of  arcs=  216  . 

NOTE:  Niunber  of  iterations  performed  (neglecting  any  constraints)=  139  . 

NOTE:  Of  these,  116  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  24  . 

NOTE:  Number  of  <=  side  constraints=  0  . 

NOTE:  Number  of  ==  side  constraints=  72  . 

NOTE:  Number  of  >=  side  constraints=  0  . 

NOTE:  Number  of  arc  and  nonarc  variable  side  constraint  coefficients=  240  . 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  130  . 

NOTE:  Of  these,  107  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  26  . 

NOTE:  The  data  set  WORK . SOLUTION  has  216  observations  and  14  variables. 

765  print  arcs/nonzero;  run; 


NOTE':  The  PROCEDURE  NETFLOW  printed  pages  1-4. 


_N_ 

.FROM 

-TO. 

.COST. 

CAPAC. 

1 

o 

1 

.NAME. 

.SUPPLY. 

99 

S 

ml4 

1 

4 

0 

SM14 

24 

100 

S 

ml5 

1 

4 

0 

SM15 

24 

101 

S 

ml6 

1 

4 

0 

SH16 

24 

102 

S 

ml7 

1 

4 

0 

SH17 

24 

103 

S 

m20 

2 

4 

0 

SM20 

24 

104 

S 

m21 

2 

4 

0 

SM21 

24 

105 

S 

m2  2 

1 

4 

0 

SH22 

24 

106 

S 

m23 

1 

4 

0 

SM23 

24 

107 

S 

m8 

1 

4 

0 

SMS 

24 

108 

S 

m9 

1 

4 

0 

SM9 

24 

_N_ 

- 

DEMAND. 

.FLOW. 

.FCOST. 

.RCOST.  .STATUS. 

99 

3 

3 

KEY.ARC 

BASIC 

100 

3 

3 

KEY.ARC 

BASIC 

101 

3 

3 

KEY.ARC 

BASIC 

102 

3 

3 

KEY.ARC 

BASIC 

103 

1 

2 

KEY.ARC 

BASIC 

104 

1 

2 

KEY.ARC 

BASIC 

105 

2 

2 

KEY.ARC 

BASIC 

106 

2 

2 

KEY.ARC 

BASIC 

107 

3 

3 

KEY.ARC 

BASIC 

108 

3 

3 

KEY.ARC 

BASIC 

216 


C.20  Partial  Jog  and  Jis  Output  Files  for  Problem  CELLB0RDER2B,  Run  2 


NOTE:  Number  of  nodes=  108  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:  Number  of  demand  nodes=  3  . 

NOTE:  Total  supply=  24  ,  total  demand=  24  . 

NOTE:  Number  of  arcs=  216  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  139  . 
NOTE:  Of  these,  116  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  24  . 

NOTE:  Number  of  <=  side  constraints=  0  . 

NOTE:  Number  of  ==  side  constraints=  73  . 

NOTE:  Number  of  >=  side  constraints=  0  . 

NOTE:  Number  of  arc  and  nonarc  variable  side  constraint  coefficients=  241  . 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  113  . 

NOTE:  Of  these,  98  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  28  . 

NOTE:  The  data  set  WORK. SOLUTION  has  216  observations  and  14  variables. 

772  print  arcs/nonzero;  run; 


NOTE:  The  PROCEDURE  NETFLOM  printed  pages  1-4. 

NOTE:  SAS  Institute  Inc.,  SAS  Circle,  PO  Box  8000,  Cary,  NC  27312-8000 


-N- 

.FROM 

1 

O 

{-• 

1 

1 

.COST. 

CAPAC. 

-L0_ 

.NAME. 

.SUPPLY. 

100 

S 

ml4 

1 

4 

0 

SM14 

24 

101 

S 

ml5 

1 

4 

0 

SM15 

24 

102 

S 

ml6 

1 

4 

0 

SH16 

24 

103 

S 

ml7 

1 

4 

0 

SM17 

24 

104 

S 

m20 

2 

4 

0 

SM20 

24 

105 

S 

m21 

2 

4 

0 

SM21 

24 

106 

S 

m22 

1 

4 

0 

SM22 

24 

107 

S 

m23 

1 

4 

0 

SM23 

24 

108 

s 

m8 

1 

4 

0 

SMS 

24 

109 

s 

m9 

1 

4 

0 

SM9 

24 

_N_ 

- 

DEMAND. 

.FLOW. 

.FCOST. 

.RCOST.  .STATUS. 

100 

4 

4 

KEY.ARC 

101 

2.6666666667 

2.6666666667 

KEY.ARC 

102 

2.6666666667 

2.6666666667 

KEY.ARC 

103 

2.6666666667 

2.6666666667 

KEY.ARC 

104 

2 

4 

KEY.ARC 

lOS 

2 

4 

KEY.ARC 

106 

2.6666666667 

2.6666666667 

KEY.ARC 

107 

2.6666666667 

2.6666666667 

KEY.ARC 

108 

1.3333333333 

1.3333333333 

KEY.ARC 

109 

1.3333333333 

1.3333333333 

KEY^ARC 

C.21  Partial  .log  and  .Us  Output  Files  for  Problem  CELLB0RDER2B,  Run  3 

NOTE:  Number  of  nodes=  108  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:  Number  of  demand  nodes=  3  . 

NOTE:  Total  supply=  24  ,  total  demand=  24  . 

NOTE:  Number  of  arcs=  216  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  136  . 

NOTE:  Of  these,  112  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  24  . 

NOTE:  Number  of  <=  side  constraints=  0  . 

NOTE:  Number  of  ==  side  constraints=  72  . 

iNOTE:  Number  of  >=  side  constraints=  16  . 

/NOTE:  Number  of  arc  and  nonarc  variable  side  constraint  coeff icients=  304  . 

;N0TE:  Number  of  iterations,  optimizing  with  constraints=  158  . 

NOTE:  Of  these,  138  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  26  . 

NOTE:  The  data  set  WORK . SOLUTION  has  216  observations  and  14  variables. 

877  print  arcs/nonzero;  run; 


NOTE:  The  PROCEDURE  NETFLOW  printed  pages  1-4. 

NOTE:  SAS  Institute  Ihc.,  SAS  Circle,  PO  Box  8000,  Cary,  NC  27512-8000 


_N_ 

_FR0H_ 

_T0_ 

_C0ST_ 

_CAPAC_ 

_L0_ 

_NAME_ 

.SUPPLY. 

20 

c2 

Die 

0 

2 

0 

C2DIC 

21 

c4 

Die 

0 

2 

0 

C4DIC 

22 

c9 

Die 

0 

2 

0 

C9DIC 

23 

cll 

Die 

0 

2 

0 

CllDIC 

24 

cl3 

Die 

0 

2 

0 

C13DIC 

25 

cl4 

Die 

0 

2 

0 

C14DIC 

26 

cl 

DIR 

0 

2 

0 

CIDIR 

27 

c8 

DIR 

0 

2 

0 

C8DIR 

28 

clO 

DIR 

0 

2 

0 

CIODIR 

29 

cl2 

DIR 

0 

2 

0 

C12DIR 

30 

cl5 

DIR 

0 

2 

0 

C15DIR 

31 

cl7 

DIR 

0 

2 

0 

C17DIR 

32 

cl9 

DIR 

0 

2 

0 

C19DIR 

99 

S 

ml4 

0 

4 

0 

SM14 

24 

100 

S 

ml5 

0 

4 

0 

SM15 

24 

101 

S 

ml6 

0 

4 

0 

SM16 

24 

102 

S 

ml7 

0 

4 

0 

SH17 

24 

103 

S 

m20 

0 

4 

0 

SM20 

24 

104 

S 

m21 

0 

4 

0 

SM21 

24 

105 

S 

m22 

0 

4 

0 

SM22 

24 

106 

S 

m23 

0 

4 

0 

SM23 

24 

107 

S 

m8 

0 

4 

0 

SM8 

24 
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G:22  Partial  .log  and  .lis  Output  Files  for  Problem  CELLB0RDER2D,  Run  5 


NOTE:  Number  of  nodes=  108  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:  Number  of  demand  nodes=  3  . 

NOTE:  Total  supply=  24  ,  total  demand=  24  . 

NOTE:  Number  of  arcs=  216  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints )=  136  . 
NOTE:  Of  these,  112  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  24  . 

NOTE:  Number  of  <=  side  constraints=  0  . 

NOTE:  Niunber  of  ==  side  constraints=  72  . 

NOTE:  Number  of  >=  side  constraints=  32  . 

NOTE:  Number  of  arc  and  noiiarc  variable  side  constraint  coeff icients=  368  . 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  179  . 

NOTE:  Of  these,  145  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  26  . 

NOTE:  The  data  set  WORK . SOLUTION  has  216  observations  and  14  variables. 

989  print  arcs/nonzero;  run; 


NOTE:  The  PROCEDURE  NETFLOW  printed  pages  1-4. 


NOTE: 

SAS  Institute  Inc. 

,  SAS  Circle 

,  PO  Box 

8000, 

Cary,  NC  27512 

-8000 

-N- 

_FR0M_ 

_T0_ 

_C0ST_ 

CAPAC_ 

_L0_ 

_NAHE_ 

SUPPLY. 

20 

c2 

Die 

0 

2 

0 

C2DIC 

21 

c4 

Die 

0 

2 

0 

C4DIC 

22 

c9 

Die 

0 

2 

0 

C9DIC 

23 

cll 

Die 

0 

2 

0 

CllDIC 

24 

cl3 

Die 

0 

2 

0 

C13DIC 

25 

cl4 

Die 

0 

2 

0 

C14DIC 

26 

cl 

DIR 

0 

2 

0 

CIDIR 

27 

c8 

DIR 

0 

2 

0 

C8DIR 

28 

clO 

DIR 

0 

2 

0 

CIODIR 

29 

cl2 

DIR 

0 

2 

0 

C12DIR 

30 

cl5 

DIR 

0 

2 

0 

C15DIR 

31 

cl7 

DIR 

0 

2 

0 

C17DIR 

32 

cl9 

DIR 

0 

2 

0 

C19DIR 

99 

S 

ml4 

0 

4 

0 

SH14 

24 

100 

S 

ml5 

0 

4 

0 

SH15 

24 

101 

S 

ml6 

0 

4 

0 

SM16 

24 

102 

S 

ml7 

0 

4 

0 

SM17 

24 

103 

S 

m20 

0 

4 

0 

SM20 

24 

104 

S 

m21 

0 

4 

0 

SM21 

24 

105 

S 

m22 

0 

4 

0 

SM22 

24 

106 

S 

m23 

0 

4 

0 

SH23 

24 

107 

S 

m8 

0 

4 

0 

SM8 

24 
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108 

S 

m9 

0 

4  0  SM9 

24 

-N;. 

_DEMAND_ 

_FL0W_ 

_FC0ST_ 

_RC0ST_ 

_STATUS_ 

20; 

6 

1 

0 

KEY.ARC 

BASIC 

21= 

6 

1 

0 

KEY.ARC 

BASIC 

22- 

6 

0.5 

0 

KEY_ARC 

BASIC 

23 

6 

0.5 

0 

KEY.ARC 

BASIC 

24 

6 

1.5 

0 

KEY.ARC 

BASIC 

25 

6 

1.5 

0 

NONKEY  ARC 

BASIC 

26 

8 

1 

0 

KEY_ARC 

BASIC 

27 

8 

1.5 

0 

KEY_ARC 

BASIC 

28 

8 

1.5 

0 

KEY_ARC 

BASIC 

29 

8 

1.5 

0 

NONKEY  ARC 

BASIC 

30 

8 

0.5 

0 

NONKEY  ARC 

BASIC 

31 

8 

0.5 

0 

■KEY_ARC 

BASIC 

32 

8 

1.5 

0 

KEY.ARC 

BASIC 

99 

3 

0 

KEY_ARC 

BASIC 

100 

3 

0 

KEY.ARC 

BASIC 

101 

3 

0 

KEY_ARC 

BASIC 

102 

3 

0 

KEY.ARC 

BASIC 

103 

1 

0 

KEY_ARC 

BASIC 

104 

1 

0 

KEY.ARC 

BASIC 

105 

3 

0 

KEY_ARC 

BASIC 

106 

3 

0 

KEY.ARC 

BASIC 

107 

2 

0 

KEY_ARC 

BASIC 

108 

• 

2 

0 

. 

KEY_ARC 

BASIC 

C.2S  Inpxit  File  for  Problem  CELLB0RDBR2B,  Run  6 


data  noded; 

input  _node_$  _sd_; 
cards ; 

S  64 
DE  -10 
DIR  -8 
Die  -6 
DN  ^40 


data  ared; 

input  _froni_$  _to_$  ^cost_  _capac _ naine_$; 

cards;. 

S  m8  .  4  Sra8 
S  m9  .  4  Sm9 


s 

mlO 

4 

SmlO 

s 

mil 

4 

Smll 

s 

ml4 

4 

Sral4 

s 

ml5 

4 

Sml5 

s 

ml6 

4 

Sml6 

s 

ml7 

4 

Sml7 

s 

m20 

4 

Sm20 

s 

m21 

4  . 

Sm21 

-S 

m22 

4 

Sm22 

s 

m23 

4 

Sm23 

s 

m26 

4 

Sm26 

s 

m27 

4 

Sm27 

s 

Iii28 

4 

Sni28 

s 

m29 

4 

Sm29 

m8 

bl 

1 

m8bl 

bl 

DE 

1 

1 

blDE 

bl 

DN 

1 

blDN 

mS 

b2 

1 

m8b2 

b2 

DE 

1 

1 

b2DE 

b2 

DN 

1 

b2DN 

b2 

cl 

1 

1 

b2cl 

cl 

DIR 

, 

2 

clDIR 

tn8 

b3 

1 

m8b3 

b3 

DE 

1 

1 

b3DE 

b3 

DN 

, 

1 

b3DN 

b3 

c2 

1 

1 

b3c2 

c2 

Die 

, 

2 

c2Die 

m8 

b4 

1 

m8b4 

b4 

DE 

1 

1 

b4DE 

b4 

DN 

1 

b4DN 

ra9 

b5 

1 

m9b5 

b5 

DE 

1 

1 

bSDE 

bS 

DN 

, 

1 

bSDN 

ra9 

b6 

. 

1 

m9b6 

b6 

DE 

1 

A 

b6Dn 
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b6 

DN  . 

1  b6DN 

b6 

c3 

1  1 

b6c3 

c3 

DIR 

.  2 

C3DIR 

m9 

:b7  . 

1  m9b7 

hi  ■ 

DE 

1  1 

b7DE 

hi 

DK  . 

1  b7DN 

hi 

c4 

1  1 

b7c4 

c4 

Die 

.  2 

c4Die 

m9 

b8  . 

1  m9b8 

b8 

DE 

1  1 

b8DE 

b8 

DH  . 

1  b8DN 

b8 

cl 

1  1 

b8cl 

iiilO 

b9 

.  1 

ml0b9 

b9 

DE 

7  1 

b9DE 

■b9 

DN  . 

1  b9DN 

mlO 

blO 

.  1 

mlOblO 

blO 

DE 

7  1 

blODE 

blO 

DN 

.  1 

blODN 

blO 

cS 

7  1 

blOcS 

c5 

DIR 

.  2 

cSDIR 

mlO 

bll 

.  1 

mlObll 

bll 

DE 

7  1 

bllDE 

bll 

DN 

.  1 

bllDN 

bll 

c6 

7  1 

bllc6 

c6 

Die 

.  2 

c6Die 

mlO 

bl2 

.  1 

ml0bl2 

bl2 

DE 

7  1 

bl2DE 

bl2 

DN 

.  1 

bl2DN 

bl2 

c3 

7  1 

bl2c3 

mil 

bl3 

.  1 

mllbl3 

bl3 

DE 

7  1 

bl3DE 

bl3 

DN 

.  1 

bl3DN 

mil 

bl4 

.  1 

mllbl4 

bl4 

DE 

7  1 

bl4DE 

bl4 

DN 

.  1 

bl4DN 

mil 

bis 

.  1 

rallblS 

bl5 

DE 

7  1 

blSDE 

bis 

DN 

1 

blSDH 

bis 

cl 

7  1 

bl5c7 

■cl 

Die 

.  2 

c7Die 

mil 

bl6 

.  1 

mllbie 

bl6 

DE 

7  1 

bl6DE 

bl6 

DN 

.  1 

bl6DN 

bl6 

cS 

7  1 

bl6cS 

ml4 

bl7 

.  1 

ml4bl7 

bl7 

DE 

1  1 

bl7DE 

bl7 

DN 

.  1 

bl7DN 

bl7 

c2 

1  1 

bl7c2 

ml4 

bl8 

.  1 

ml4bl8 

bl8 

DE 

1  1 

bl8DE 

bl8 

DN 

.  1 

bl8DN 
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1 

5 

bl8 

c8 

1  1  bl8c8 

1 

c8 

DIR 

.  2  C8DIR 

ml4’ 

bl9 

.  1  ml4bl9 

1 

bl9 

DE 

1  1  bl9DE 

1 

bl9 

DN 

.  1  bl9DN 

1 

bl9 

c9 

1  1  bl9c9 

s 

c9 

Die 

.  2  c9Die 

1 

ml4 

b20 

.  1  ml4b20 

\ 

b20 

DE 

1  1  b20DE 

\ 

DN 

.  1  b20DN 

1 

mis 

b21 

.  1  ml5b21 

by 

DE 

1  1  b21DE 

3 

b2i 

DN 

.  1  b21DN 

b2i 

c4 

1  1  b21c4 

ral5 

b22 

.  1  ml5b22 

1 

b22 

DE 

1  1  b22DE 

1 

b22 

DN 

.  1  b22DN 

i 

b2i 

clO 

1  1  b22cl0 

1 

clO 

DIR 

.  2  clODIR 

1 

ml5 

b23 

.  1  ml5b23 

=b23 

DE 

1  1  b23DE 

b23 

DN 

.  1  b23DN 

\ 

b23 

ell 

1  1  b23cll 

% 

ci_i 

Die 

.  2  cllDie 

\ 

ml5 

b24 

.  1  ml5b24 

* 

'b24 

I3E 

1  1  b24DE 

1 

b24 

DN 

.  1  b24DN 

:1 

b24 

c8 

1  1  b24c8 

% 

ml6 

b25 

.  1  ml6b25 

5 

b25 

DE 

1  1  b25DE 

S 

b2'5 

DN 

.  1  b25DN 

I 

b25 

c6 

1  1  b25c6 

mis 

b26 

.  1  ml6b26 

b26 

DE 

1  1  b26DE 

1 

b26 

DN 

.  1  b26DN 

b26 

cl2 

1  1  b26cl2 

2 

cl2 

DIR 

.  2  C12DIR 

t 

ml6 

b27 

.  1  ml6b27 

2 

b27 

DE 

1  1  b27DE 

i 

b27 

DN 

.  1  b27DN 

g 

b27 

cl3 

1  1  b27cl3 

a 

cl3 

Die 

.  2  C13DIC 

1 

ral6 

b28 

.  1  ml6b28 

b23 

DE 

1  1  b28DE 

5 

b28 

DN 

.  1  b28DN 

b28 

ClO 

1  1  b28cl0 

1 

ml7 

b29 

.  1  inl7b29 

1 

b29 

DE 

1  1  b29DE 

1 

b29 

DN 

.  1  b29DN 

1 

b29 

c7 

1  1  b29c7 

5 

ml7 

b30 

1  ml7b30 

5 
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b3_0 

DE 

1  1 

b30DE 

bSp 

DN- 

.  1 

b30DN 

mi? 

b31 

.  1 

ml7b31 

b3i 

DE 

1  1 

b31DE 

bSl 

DN 

.  1 

b31DN 

b31 

cl4 

1  ; 

1  b31cl4 

cl4 

Die 

.  2 

cl4Die 

ml? 

b32 

.  1 

ml7b32 

b32 

DE 

1  1 

b32DE 

b;|2 

DN 

.  1 

b32DN 

1332 

cl2 

1  : 

1  b32cl2 

in20 

b33 

.  1 

m20b33 

b33 

DE 

2  1 

b33DE 

M? 

DN 

.  1 

b33DN 

b|3 

c9 

2  1 

b33c9 

m20 

b34 

.  1 

m20tS‘* 

b34 

DE 

2  1 

b34DE 

b34 

DN 

.  1 

b34DN 

b|4 

CIS 

2  : 

1  b34clS 

CIS 

DIR 

.  2 

clSDlR 

m20 

bfs 

bSS 

.  1 

m20b3S 

DE 

2  1 

b3SDE 

bis 

DN 

.  1 

b3SDN 

bts 

cl6 

2  ; 

1  b35cl6 

ci6 

Die 

.  2 

clSDIC 

mfp 

b36 

.  1 

m20b36 

b56 

DE 

2  1 

b36DE 

=b^6 

DN 

.  1 

b36DN 

m21 

b37 

.  1 

in21b37 

b37 

DE 

2  1 

b37DE 

b37 

DN 

.  1 

b37DN 

b37 

ell 

2 

1  b37cll 

n>21 

b38 

.  1 

m21b38 

b38 

DE 

2  1 

b38DE- 

b38 

DN 

.  1 

b38DN 

b38 

cl7 

2 

1  b38ci7 

cl7 

DIR 

.  2 

C17DIR 

m21 

b39 

.  1 

m21b39 

b39 

DE 

2  1 

b39DE 

b39 

DN 

.  1 

b39DN 

b39 

cl8 

2 

1  b39cl8 

cl8 

Die 

.  2 

cl8Die 

m21 

b40 

.  1 

m21b40 

b40 

DE 

2  1 

b40DE 

b40 

DN 

1 

b40DN 

b40 

clS 

2 

1  b40clS 

in22 

b41 

.  1 

m22b41 

b41 

DE 

1  1 

b41DE 

b41 

DN 

.  1 

b41DN 

b41 

cl3 

1 

1  b41cl3 

m22 

b42 

.  1 

m22b42 

i 
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.b42  DE  1 
b42  . 

-b42  cl9 
cl9  DIR  . 
m22  b43  . 

b43  DE  1 
b43  DN  . 
b43  c20 

c20  Die  . 
m22  b44  . 

b44  DE  1 
b44  DN  . 
b44  cl7 
m23  :b45  . 

b45  DE  1 
b45  dS 
b45  cl4 
m23  b46 
b46  DE 
b46  DN 
,m23  b47 
t47  DE 
b47  pil 
b47  c21 
c21  pie 
m23  b48 
b48  DE 
b48  pN 
b48  cl9 
m26  b49 
b49  DE  7 
b49  DN 
b49  cl6 
m26  bSO 
bSO  DE 
b50  DN 
bSO  c22 
c22  DIR 
m26  bSl 
bSl  DE 
bSl  DK 
m26  b52 
b52  PE 
b52  DN 
m27  bS3 
b53  DE 
b53  DN 
b53  cl8 
in27  b54 
b54  DE 
b54  DN 


1  b42DE 
1  b42DN 

1  1  b42cl9 

2  C19DIR 

1  m22b43 

1  b43DE 
1  b43DN 

1  1  b43c20 

2  c20Die 
1  in22b44 
1  b44DE 

1  b44DN 
1  1  b44cl7 
1  m23b45 
1  b45DE 
1  b45DN 
1  1  b45cr4 

1-  ra23b46 
1  1  b46DE 

1  b46DN 
.  m23b47 

1  1  b47pE 

1  b47DN 
1  1  b47c21 
.  2  c21Die 
.  1  m23b48 

1  1  b48DE 
1  b48DN 

1  1  b48cl9 

1  m26b49 

1  b49DE 

1  b49DN 
7  1  b49cl6 

.  1  m26b50 

7  1  bSODE 

1  bSODN 
7  1  b50c22 

.  2  C22DIR 

.  1  m26b51 

7  1  bSlDE 

1  bBlDN 
.  1  m26b52 

7  1  b52DE 
1-  b52DN 
.  1  m27b53 

2  1  bS3DE 
1  b53DN 

2  1  b53cl8 

.  1  m27bS4 

2  1  bS4DE 

1  b54DN 


=b54 

c23 

2  1  b54c23 

c23 

DIR 

.  2  C23DIR 

m27 

b55 

.  1  in27b55 

b55 

DE 

2  1  b55DE 

b55 

bS 

.  1  bSSDN 

m27 

b56 

.  1  ra27b56 

b56 

DE 

2  1  b56DE 

b56 

DN 

.  1  b56DN 

b56 

c22 

2  1  bS6c22 

m28 

b57 

.  1  m28bS7 

b57 

DE 

3  1  b57DE 

■b57 

DN 

.  1  b57DN 

b57 

c2b 

3  1  b57c20 

m28 

b58 

.  1  in28b58 

b58 

DE 

3  1  b58DE 

:b58 

DN 

.  1  b58DN 

b58 

c24 

3  1  b58c24 

c24 

DIR 

.  2  C24DIR 

m28 

b59 

.  1  m28b59 

.b59 

DE 

3  1  bS9DE 

b59 

DN 

.  1  b59DN 

m28 

b60 

.  1  ra28b60 

b60 

DE 

3  1  beODE 

b60 

DN 

.  1  bSODN 

.b60 

c23 

3  1  b60c23 

m29 

b61 

.  1  m29b61 

b61 

DE 

3  1  bSlDE 

b61 

DN 

.  1  beiDN 

b61 

c21 

3  1  b61c21 

m29 

b62 

.  1  m29b62 

b62 

DE 

3  1  b62DE 

b62 

DN 

.  1  b62DN 

ra29 

b63 

.  1  in29b63 

b63 

DE 

3  1  b63DE 

b63 

DN 

.  1  b63DN 

in29 

b64 

.  1  in29b64 

:b64 

DE 

3  1  b64DE 

'b64 

DN 

.  1  b64DN 

b64 

c24 

3  1  b64c24 

data  cond; 
input 


Sm8 

Sm9 

SmlO 

Smll 

Sml4 

Sm22 

Snt23 

Sm26 

Sm27 

Sm28 

b2DE 

b2DN 

b2cl 

clDIR 

m8b3 

b4DE 

b4DN 

m9bS 

bSDE 

bSDN 

m9b7 

b7DE 

b7DN 

b7c4 

c4DIC 

b9DE 

b9DN 

mlOblO 

blODE 

blODN 

bllc6 

c6DIC 

ml0bl2 

bl2DE 

bl2DN 

bl4DE 

bl4DN 

ml Ibis 

blSDE 

blSDN 

bl6c5 

ral4bl7 

bl7DE 

bl7DN 

bl7c2 

SmlS 

Sraie 

Sml7 

Sin20 

Sm21 

Sm29 

mSbl 

blDE 

blDN 

m8b2 

b3DE 

b3DN 

b3c2 

c2DIC 

m8b4 

m9b6 

b6DE 

b6DN 

b6c3 

C3DIR 

ra9b8 

b8DE 

b8DN 

b8cl 

ml0b9 

blOcS 

cSDIR 

mlObll 

bllDE 

bllDN 

bl2c3 

mllblS 

bl3DE 

bl3DN 

mllbl4 

blSc7 

c7DIC 

mllbie 

bl6DE 

bl6DN 

ral4bl8 

bl8DE 

bl8DN 

bl8c8 

C8DIR 
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ml4bl9 

bl9DE 

bl9DN 

bl9c9 

c9DIC 

ml4b20 

b20DE 

b20DN 

ml5b21 

b21DE 

•b21DN 

b21c4 

ml5b22 

b22DE 

b22DN 

b22cl0 

clODIR 

ml5b23 

b23DE 

b23DN 

b23cH 

cllDIC 

ml5b24 

b24DE 

b24DN 

b24c8 

ml6b25 

b25DE 

b25DN 

b25c6 

:ml6b26 

b26DE 

b26DN 

b26cl2 

C12DIR 

ml6b27 

b27DE 

b27DN 

b27cl3 

C13DIC 

ml6b28 

b28DE 

b28DN 

b28cl0 

ml7b29 

b29DE 

b29DIl 

b29c7 

ml7b30 

bSODE 

ibSODN 

ml7b31 

b31DE 

bSlDH 

b31cl4 

C14DIC 

ml7b32 

b32DE 

b32DN 

b32cl2 

m20b33 

b33DE 

b33DN 

b33c9 

m20b34 

b34DE 

b34DN 

b34cl5 

C15DIR 

m20b35 

■b35DE 

b35DN 

b35cl6 

clSDIC 

m20b36 

b36DE 

b36DN 

m21b37 

b37DE 

b37DN 

<b37cll 

m21b38 

b38DE 

b38DN 

b38cl7 

C17DIR 

m21b39 

b39DE 

b39DN 

b39cl8 

clSDIC 

m21b40 

b40DE 

b40DN 

b40cl5 

m22b41 

b41DE 

b41DN 

b41cl3 

in22b42 

;b42DE 

b42DN 

b42cl9 

C19DIR 

m22b43 

b43DE 

b43DN 

b43c20 

C20DIC 

m22b44 

b44DE 

b44DN 

b44cl7 

m23b45 

b45DE 

b45DN 

b45cl4 

m23b46 

b46DE 

b46DN 

m23b47 

b47DE 

b47DN 

b47c21 

C21DIC 

m23b48 

b48DE 

b48DN 

b48cl9 

m26b49 

:b49DE 

b49DN 

b49cl6 

m26b50 

bSODE 

bSODN 

b50c22 

C22DIR 

in26b51 

bSlDE 

!b51DN 

m26b52 

b52DE 

b52DN 

m27b53 

b53DE 

b53DN 

b53cl8 

m27b54 

b54DE 

:b54DN 

b54c23 

C23DIR 

m27b55 

b55DE 

b55DN 

in27b56 

b56DE 

b56DN 

b56c22 

;m28b57 

b57DE 

b57DN 

b57c20 

m28b58 

b58DE 

b58DN 

b58c24 

C24DIR 

m28b59 

b59DE 

b59DN 

ra28b60 

beODE 

beODN 

b60c23 

m29b61 

bSlDE 

beiDN 

b61c21 

■m29b62 

b62DE 

b62DN 

in29b83 

b63DE 

b63DN 

m29b64 

b64DE 

b64DN 

b64c24 

_^type_$  _rhs_; 


EQ  0 


1 


.  .  .  .  -1 


EQ  0 


EQ  0 


1 . 

. -1 
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C.24  Partial  .log  and  .lis  Output  Files  for  Problem  CELLB0RDER2B,  Run 


NOTE:  Number  of  nodes=  109  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:  Number  of  demand  nodes=  4  . 

NOTE:  Total  supply=  64  ,  total  demand=  64  . 

NOTE:  Number  of  arcs=  280  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints) =  218  . 
NOTE:  Of  these,  152  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  24  . 

NOTE:  Number  of  <=  side  constraints=  0  . 

NOTE:  Number  of  ==  side  constraints=  72  . 

NOTE:  Number  of  >=  side  constraints=  0  . 

NOTE:  Number  of  arc  and  nonarc  variable  side  constraint  coeff icients=  240  . 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  225  . 

NOTE:  Of  these,  207  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  26  . 

NOTE:  The  data  set  WORK . SOLUTION  has  280  observations  and  14  variables. 

981  print  arcs/nonzero;  run; 

NOTE:  The  PROCEDURE  NETFLOW  printed  pages  1-8. 

NOTE:  SAS  Institute  Inc.,  SAS  Circle,  PO  Box  8000,  Cary,  NC  27512-8000 


N_ 

_FR0M_ 

_T0_ 

_eosT_ 

_eAPAe_ 

_L0_ 

_NAME_ 

.SUPPLY. 

1 

bl 

DE 

1 

1 

0 

BIDE 

2 

b4 

DE 

1 

1 

0 

B4DE 

3 

b5 

DE 

1 

1 

0 

B5DE 

4 

b6 

DE 

1 

1 

0 

B6DE 

5 

bl7 

DE 

1 

1 

0 

B17DE 

6 

bl9 

DE 

1 

1 

0 

B19DE 

7 

b20 

DE 

1 

1 

0 

B20DE 

8 

b21 

DE 

1 

1 

0 

B21DE 

9 

b23 

DE 

1 

1 

0 

B23DE 

10 

b25 

DE 

1 

1 

0 

B25DE 

11 

b29 

DE 

1 

1 

0 

B29DE 

12 

b30 

DE 

1 

1 

0 

B30DE 

13 

b35 

DE 

2 

1 

0 

B35DE 

14 

b36 

DE 

2 

1 

0 

B36DE 

15 

b39 

DE 

2 

1 

0 

B39DE 

16 

b43 

DE 

1 

1 

0 

B43DE 

17 

b44 

DE 

1 

1 

0 

B44DE 

18 

b46 

DE 

1 

1 

0 

B46DE 

19 

b47 

DE 

1 

1 

0 

B47DE 

20 

c2 

Die 

0 

2 

0 

e2Die 

21 

c4 

Die 

0 

2 

0 

e4Die 

22 

c9 

Die 

0 

2 

0 

e9Die 

23 

cll 

Die 

0 

2 

0 

eiiDie 

24 

cl3 

Die 

0 

2 

0 

ei3Die 

25 

cl4 

Die 

0 

2 

0 

ei4Die 

26 

cl 

DIR 

0 

2 

0 

eiDiR 

27 

c8 

DIR 

0 

2 

0 

e8DIR 

28 

clO 

DIR 

0 

2 

0 

eiODIR 

29 

cl2 

DIR 

0 

2 

0 

ei2DIR 

30 

cl5 

DIR 

0 

2 

0 

ei5DIR 

31 

cl7 

DIR 

0 

2 

0 

ei7DIR 

32 

cl9 

DiR 

0 

2 

0 

ei9DIR 

161 

b2 

cl 

1 

1 

0 

B2ei 

162 

b8 

cl 

1 

1 

0 

B8ei 

163 

b22 

clO 

1 

1 

0 

B22ei0 

164 

b28 

clO 

1 

1 

0 

B28ei0 

165 

b23 

ell 

1 

1 

0 

B23eil 

166 

b37 

ell 

2 

1 

0 

B37eil 

167 

b26 

cl2 

1 

1 

0 

B26ei2 

168 

b32 

cl2 

1 

1 

0 

B32ei2 

169 

b27 

cl3 

1 

1 

0 

B27ei3 

170 

b41 

cl3 

1 

1 

0 

B4iei3 

171 

b31 

ci4 

1 

1 

0 

B31C14 

172 

b45 

cl4 

1 

1 

0 

B45014 

173 

b34 

cl5 

2 

1 

0 

B34ei5 

174 

b40 

cl5 

2 

1 

0 

B40ei5 

175 

b38 

cl7 

2 

1 

0 

B38017 

176 

b44 

cl7 

1 

1 

0 

B44C17 

177 

b42 

cl9 

1 

1 

0 

B42C19 

178 

b48 

cl9 

1 

1 

0 

B48C19 

179 

b3 

c2 

1 

1 

0 

B302 

180 

bl7 

c2 

1 

1 

0 

B1702 

181 

b7 

c4 

1 

1 

0 

B7e4 

182 

b21 

c4 

1 

1 

0 

B2ie4 

183 

bl8 

c8 

1 

1 

0 

B18e8 

184 

b24 

c8 

1 

1 

0 

B24e8 

185 

bl9 

c9 

1 

1 

0 

B19e9 

186 

b33 

c9 

2 

1 

0 

B33e9 

■ 

_N_ 

_DEHAHD_ 

_FLOM_ 

_Fe0ST_ 

_RCOST_ 

.STATUS. 

1 

10 

0.5 

0.5 

HONKEY  ARC  BASIC 

2 

10 

0.5 

0.5 

KOBKEY  ARC  BASIC 

3 

10 

0.5 

0.5 

KEY.ARC  BASIC 

4 

10 

0.5 

0.5 

KEY.ARC  BASIC 

5 

10 

0.25 

0.25 

KEY.ARC  BASIC 

6 

10 

0.5 

0.5 

KEY.ARC  BASIC 

7 

10 

0.75 

0.75 

KEY.ARC  BASIC 

8 

10 

0.25 

0.25 

KGBKEY  ARC  BASIC 

9 

10 

0.5 

0.5 

NOBKEY  ARC  BASIC 

10 

10 

0.75 

0.75 

NOHKEY  ARC  BASIC 

11 

10 

0.75 

0.75 

KONKEY  ARC  BASIC 

12 

10 

0.75 

0.75 

KOBKEY  ARC  BASIC 

13 

10 

14 

10 

15 

10 

16 

10 

17 

10 

18 

10 

19 

10 

20 

6 

21 

6 

22 

6 

23 

6 

24 

6 

25 

6 

26 

8 

27 

8 

28 

8 

29 

8 

30 

8 

31 

8 

32 

8 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

0.25 

0.5 

0.25 

0.5 

0.25 

0.5 

0.75 

0.75 

0.5 

0.5 

0.75 

0.75 

0.75 

0.75 

1 

0 

1 

0 

0.5 

0 

0.5 

0 

1.5 

0 

1.5 

0 

1 

0 

1.5 

0 

1.5 

0 

1.5 

0 

0.5 

0 

0.5 

0 

1.5 

0 

0.5 

0.5 

0.5 

0.5 

0.75 

0.75 

0.75 

0.75 

0.25 

0.25 

0.25 

0.5 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.25 

0.5 

0.25 

0.5 

0.25 

0.5 

0.25 

0.25 

0.75 

0.75 

0.75 

0.75 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.75 

0.75 

0.75 

0.75 

0.25 

0.25 

0.25 

0.5 

NONKEY  ARC  BASIC 
NONKEY  ARC  BASIC 
NONKEY  ARC  BASIC 
KEY_ARC  BASIC 
NONKEY  ARC  BASIC 
KEY_ARC  BASIC 
KEY_ARC  BASIC 
KEY_ARC  BASIC 
KEY.ARC  BASIC 
NONKEY  ARC  BASIC 
NONKEY  ARC  BASIC 
KEY_ARC  BASIC 
KEY_ARC  BASIC 
KEY_ARC  BASIC 
KEY_ARC  BASIC 
KEY.ARC  BASIC 
NONKEY  ARC  BASIC 
NONKEY  ARC  BASIC 
KEY_ARC  BASIC 
KEY_ARC  BASIC 

NONKEY  ARC  BASIC 
KEY.ARC  BASIC 
KEY.ARC  BASIC 
KEY.ARC  BASIC 
KEY.ARC  BASIC 
NONKEY  ARC  BASIC 
KEY.ARC  BASIC 
NONKEY  ARC  BASIC 
NONKEY  ARC  BASIC 
KEY_ARC  BASIC 
KEY.ARC  BASIC 
KEY.ARC  BASIC 
KEY_ARC  BASIC 
NONKEY  ARC  BASIC 
NONKEY  ARC  BASIC 
KEY.ARC  BASIC 
KEY.ARC  BASIC 
NONKEY  ARC  BASIC 
NONKEY  ARC  BASIC 
KEY.ARC  BASIC 
KEY.ARC  BASIC 
NONKEY  ARC  BASIC 
KEY_ARC  BASIC 
NONKEY  ARC  BASIC 
KEY.ARC  BASIC 
NONKEY  ARC  BASIC 


244 


C.25  Partial  Input  File  for  Problem  CELLB0RDER2B,  Run  7 


data  noded; 

input  _node_$  _sd_; 
cards ; 

S  24 
DE  -10 
DIR  -8 
DIG  -6 

I 

data  arcd; 

input  _from_$  _to_$  _cost_  _capac _ name_$; 

cards ; 

S  m8  .  4  Sra8 
S  m9  .  4  Sm9 


s 

mlO 

4 

SmlO 

s 

mil 

4 

Smll 

s 

ml4 

4 

Sml4 

s 

ml5 

4 

SralS 

s 

ml6 

4 

Sml6 

s 

ml7 

4 

Sml7 

s 

m20 

4 

Sm20 

s 

m21 

4 

Sra21 

s 

m22 

4 

Sm22 

s 

m23 

4 

Sm23 

s 

m26 

4 

Sm26 

s 

m27 

4 

Sm27 

s 

ni28 

4 

Sm28 

s 

m29 

4 

Sm29 

m8 

bl 

1 

1 

m8bl 

bl 

DE 

1 

blDE 

mS 

b2 

1 

1 

’n8b2 

b2 

DE 

1 

b2DE 

b2 

cl 

-1 

1 

b2cl 

cl 

DIR 

2 

clDIR 

m8 

b3 

1 

1 

m8b3 

b3 

DE 

1 

b3DE 

b3 

c2 

-1 

1 

b3c2 

c2 

DIG 

, 

2 

c2DIG 

ni8 

b4 

1 

1 

m8b4 

b4 

DE 

1 

b4DE 

m9 

b5 

1 

1 

ra9bS 

b5 

DE 

. 

1 

bSDE 

m9 

b6 

1 

1 

m9b6 

bo 

DE 

, 

1 

b6DE 

b6 

c3 

-1 

1 

.b6c3 

c3 

DIR 

, 

2 

C3DIR 

ra9 

b7 

1 

1 

m9b7 

b7 

DE 

. 

1 

b7DE 

b7 

c4 

-1 

1 

b7c4 

c4 

DIG 

, 

2 

c4DIG 
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m9 

CO 

1 

m9b8 

b8 

DE  . 

1 

,  b8DE 

b8 

cl  - 

1 

1 

b8cl 

mlO 

b9 

7 

1 

ml0b9 

b9 

DE 

1 

b9DE 

mlO 

blO 

7 

1 

mlOblO 

blO 

DE 

, 

1 

blODE 

blO 

cS 

-1 

1 

blOcS 

c5 

DIR 

, 

2 

cSDIR 

mlO 

bll 

7 

1 

mlObll 

bll 

DE 

• 

1 

bllDE 

bll 

c6 

-1 

1 

bllc6 

c6 

Die 

. 

2 

c6Die 

mlO 

bl2 

7 

1 

ml0bl2 

bl2 

DE 

. 

1 

bl2DE 

bl2 

c3 

-1 

1 

bl2c3 

mil 

bl3 

7 

1 

mllbl3 

bl3 

DE 

, 

1 

bl3DE 

mil 

bl4 

7 

1 

mllbl4 

bl4 

DE 

, 

1 

bl4DE 

mil 

bis 

7 

1 

mllblS 

bl5 

DE 

1 

blSDE 

bis 

c7 

-1 

1 

blSc7 

c7 

Die 

, 

2 

c7Die 

mil 

bl6 

7 

1 

mllbie 

bl6 

DE 

. 

1 

bl6DE 

bl6 

cS 

-1 

1 

bl6c5 

ml4 

bl7 

1 

1 

ml4bl7 

bl7 

DE 

, 

1 

bl7DE 

bl7 

c2 

-1 

1 

bl7c2 

ral4 

bl8 

1 

1 

ml4bl8 

bl8 

DE 

. 

1 

bl8DE 

bl8 

c8 

-1 

1 

bl8c8 

c8 

DIR 

, 

2 

C8DIR 

ml4 

bl9 

1 

1 

ml4bl9 

bl9 

DE 

1 

bl9DE 

bl9 

c9 

-1 

1 

bl9c9 

c9 

Die 

, 

2 

c9Die 

ml4 

b20 

1 

1 

ml4b20 

b20 

DE 

, 

1 

b20DE 

mis 

b21 

1 

1 

ralSb21 

b21 

DE 

• 

1 

b21DE 

b21 

c4 

-1 

1 

b21c4 

mis 

b22 

1 

1 

mlSb22 

b22 

DE 

1 

b22DE 

b22 

clO 

- 

1 

1  b22cl0 

clO 

DIR 

, 

2 

clODIR 

mis 

b23 

1 

1 

mlSb23 

b23 

DE 

. 

1 

b23DE 

b23 

cll 

- 

1 

1  b23cll 

cll 

Die 

2 

cllDie 
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mis 

b24 

1 

b24 

DE 

. 

b24 

c8  ■ 

-1 

ml6 

b25 

1 

b25 

DE 

. 

b25 

c6  ■ 

-1 

ml6 

b26 

1 

b26 

DE 

, 

b26 

cl2 

-1 

cl2 

DIR 

. 

ml6 

b27 

1 

b27 

DE 

. 

b27 

cl3 

-1 

cl3 

Die 

ml6 

b28 

1 

b28 

DE 

, 

b28 

clO 

-1 

ml7 

b29 

1 

b29 

DE 

. 

b29 

c7 

-1 

ml7 

b30 

1 

b30 

DE 

, 

inl7 

b31 

1 

b31 

DE 

. 

b31 

cl4 

-1 

cl4 

Die 

. 

ml7 

b32 

1 

b32 

DE 

, 

b32 

cl2 

-1 

m20 

b33 

2 

b33 

DE 

. 

b33 

c9 

-1 

m20 

b34 

2 

b34 

DE 

b34 

cl5 

-J 

cl5 

DIR 

. 

m20 

b35 

2 

b35 

DE 

b35 

cl6 

cl6 

Die 

, 

m20 

b36 

2 

b36 

DE 

, 

m21 

b37 

2 

b37 

DE 

b37 

ell 

m21 

b38 

2 

b38 

DE 

. 

b38 

cl7 

- 

cl7 

DIR 

m21 

b39 

2 

b39 

DE 

, 

1  ml5b24 
1  b24DE 
1  b24c8 

1  inl6b25 
1  b2SDE 
1  b25c6 

1  ml6b26 

1  b26DE 

1  b26cl2 

2  C12DIR 
1  ml6b27 

1  b27DE 

1  b27cl3 

2  cl3DIC 
1  ml6b28 
1  b28DE 

1  b28cl0 
1  inl7b29 
1  b29DE 
1  b29c7 

1  ml7b30 
1  b30DE 
1  ml7b31 

1  b31DE 

1  b31cl4 

2  C14DIC 
1  ml7b32 
1  b32DE 

1  b32cl2 
1  m20b33 

1  b33DE 
1  b33c9 

1  m20b34 

1  b34DE 

1  b34cl5 

2  C15DIR 
1  m20b35 

1  b3SDE 

1  b35cl6 

2  C16DIC 

1  ra20b36 

1  b36DE 
1  m21b37 

1  b37DE 

1  b37cll 
1  m21b38 

1  b38DE 

1  b38cl7 

2  C17DIR 

1  m21b39 

1  b39DE 


b39 

cl8 

-1 

1 

b39cl8 

cl8 

Die 

, 

2 

cl8Die 

m21 

b40 

2 

1 

m21b40 

b40 

DE 

, 

1 

b40DE 

b40 

cl5 

-1 

1 

b40cl5 

m22 

b41 

1 

1 

m22b41 

b41 

DE 

. 

1 

b41DE 

b41 

cl3 

-1 

1 

b41cl3 

m22 

b42 

1 

1 

m22b42 

b42 

DE 

. 

1 

b42DE 

b42 

cl9 

-1 

1 

b42cl9 

cl9 

DIR 

, 

2 

C19DIR 

m2  2 

b43 

1 

1 

m22b43 

b43 

DE 

. 

1 

b43DE 

b43 

c20 

-1 

1 

b43c20 

c20 

Die 

, 

2 

c20Die 

m22 

b44 

1 

1 

m22b44 

b44 

DE 

1 

b44DE 

b44 

cl7 

-1 

1 

b44cl7 

m23 

b45 

1 

1 

m23b45 

b45 

DE 

. 

1 

b45DE 

b4S 

cl4 

-1 

1 

b45cl4 

m23 

b46 

1 

1 

m23b46 

b46 

DE 

, 

1 

b46DE 

m23 

b47 

1 

1 

m23b47 

b47 

DE 

1 

b47DE 

b47 

c21 

-1 

1 

b47c21 

c21 

Die 

, 

2 

c21Die 

m23 

b48 

1 

1 

m23b48 

b48 

DE 

. 

1 

b48DE 

b48 

cl9 

-1 

d 

X 

b48cl9 

m26 

b49 

7 

1 

m26b49 

b49 

DE 

. 

1 

b49DE 

b49 

cl6 

-1 

1 

b49cl6 

m26 

bSO 

7 

1 

ra26b50 

bSO 

DE 

1 

bSODE 

bSO 

c22 

-1 

1 

b50c22 

c22 

DIR 

2 

C22DIR 

m26 

b51 

7 

1 

m26b51 

b51 

DE 

. 

1 

bSlDE 

m26 

b52 

7 

1 

m26b52 

b52 

DE 

1 

b52DE 

m27 

bS3 

2 

1 

m27b53 

b53 

DE 

, 

1 

b53DE 

b53 

cl8 

-1 

1 

b53cl8 

m27 

b54 

2 

1 

m27b54 

bS4 

DE 

. 

1 

b54DE 

b54 

c23 

-1 

1 

b54c23 

c23 

DIR 

. 

2 

C23DIR 

m27 

bSS 

2 

1 

m27b55 

bSS 

DE 

1 

b55DE 

m27 

b56 

2 

1  m27b56 

b56 

DE 

. 

1  b56DE 

bS6 

c22 

-1 

1  b56c22 

m2  8 

bS7 

3 

1  m28b57 

b57 

DE 

. 

1  b57DE 

b57 

c20 

-1 

1  b57c20 

m28 

b58 

3 

1  m28b58 

b58 

DE 

1  bS8DE 

b58 

c24 

-1 

1  b58c24 

c24 

DIR 

, 

2  C24DIR 

:n28 

b59 

3 

1  m28b59 

b59 

DE 

1  b59DE 

m28 

b60 

3 

1  m28b60 

b60 

DE 

, 

1  bSODE 

b60 

c23 

-1 

1  b60c23 

m29 

b61 

3 

1  m29b61 

b61 

DE 

1  beiDE 

b61 

c21 

- 

1  1  bSlc2: 

m29 

b62 

3 

1  m29b62 

b62 

DE 

, 

1  b62DE 

m29 

b63 

3 

1  m29b63 

b63 

DE 

. 

1  b63DE 

m29 

b64 

3 

1  m29b64 

b64 

DE 

. 

1  b64DE 

b64 

c24 

-1 

1  b64c24 

C  data  cond  and  proc  netflow  not  included  ] 


C.26  Partial  Jog  Output  File  for  Problem  CELLB0RDER2B,  Run  7 


MOTE:  Number  of  nodes=  108  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:  Number  of  demand  nodes=  3  . 

NOTE:  Total  supply=  24  ,  total  demand=  24  . 

NOTE:  Number  of  arcs=  216  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  143  . 
NOTE:  Of  these,  117  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  10  . 

NOTE:  Number  of  <=  side  constraints=  0  . 

NOTE:,  Number  of  ==  side  constraints=  72  . 

NOTE:  Number  of  >=  side  constraints=  32  . 

NOTE:  -Number  of  arc  and  nonarc  variable  side  constraint  coefficients=  368 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  203  . 

NOTE:  Of  these,  165  were  degenerate. 

NOTE;  Optimum  reached. 

NOTE:  Minimal  total  cost=  12  . 

NOTE:  The  data  set  FORK . SOLUTION  has  216  observations  and  14  variables. 
989  print  arcs/nonzero;  run; 

NOTE:  The  PROCEDURE  NETFLOW  printed  pages  1-4. 


C.21  Partial  Input  File  for  Problem  CELLD0RDBR2B,  Run  8 


data  noded; 

input  _node_$  _sd_; 
cards ; 

S  64 
DE  -10 
DIR  -8 
Die  -6 
DN  -40 

I 

data  ared; 

input  _from_$  _to_$  _cost_  _capac _ naine_$; 

cards ; 

S  mS  .  4  Sm8 
S  mO  .  4  SmO 


s 

mlO 

4 

SmlO 

s 

mil 

4 

Smll 

s 

ml4 

4 

Sml4 

s 

mis 

4 

SmlS 

s 

ml6 

4 

Sml6 

s 

ml7 

4 

Sml7 

s 

m20 

4 

Sm20 

s 

m21 

4 

Sm21 

s 

m22 

4 

Sra22 

s 

m23 

4 

Sm23 

s 

m26 

4 

Sm26 

s 

m27 

4 

Sm27 

s 

m2  8 

4 

Sm28 

s 

m29 

4 

Sm29 

mS 

bl 

1 

1 

m8bl 

bl 

DE 

1 

blDE 

bl 

DN 

-2 

1 

blDN 

m8 

b2 

1 

1 

m8b2 

b2 

DE 

, 

1 

b2DE 

b2 

DN 

-2 

1 

b2DN 

b2 

cl 

-1 

1 

b2cl 

cl 

DIR 

. 

2 

clDIR 

m8 

b3 

1 

1 

m8b3 

b3 

DE 

1 

b3DE 

b3 

DN 

-2 

1 

b3DN 

b3 

c2 

-1 

1 

b3c2 

c2 

DIG 

. 

2 

c2DIC 

m8 

b4 

1 

1 

m8b4 

b4 

DE 

. 

1 

b4DE 

b4 

DN 

-2 

1 

b4DH 

m9 

bS 

1 

1 

m9b5 

bS 

DE 

. 

1 

bSDE 

bS 

DN 

-2 

1 

bSDN 

m9 

b6 

1 

1 

m9b6 

b6 

DE 

1 

b6DE 
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b6 

DN  - 

2  1  b6DN 

b6 

c3  - 

1  1  b6c3 

c3 

DIR 

.  2  c3DIR 

m9 

b7  i 

1  m9b7 

b7: 

DE  . 

1  b7DE 

b7 

DN  - 

2  1  b7DN 

b7 

c4  - 

1  1  b7c4 

c4 

Die 

.  2  c4Die 

m9 

00 

1  m9b8 

b8 

DE  . 

1  b8DE 

b8 

DN  - 

2  1  b8DN 

b8 

cl  - 

1  1  b8cl 

mlO 

b9 

7  1  ml0b9 

b9 

DE  . 

1  b9DE 

b9 

DN  - 

■14  1  b9DN 

ralO 

blO 

7  1  mlOblO 

blO 

DE 

.  1  blODE 

blO 

DN 

-14  1  blODN 

blO 

cS 

-1  1  blOcS 

c5 

DIR 

.  2  cSDIR 

mlO 

bll 

7  1  mlObll 

bll 

DE 

.  1  bllDE 

bll 

DN 

-14  1  bllDN 

bll 

c6 

-1  1  bllc6 

c6 

Die 

.  2  c6DIC 

mlO 

bl2 

7  1  ml0bl2 

bl2 

DE 

.  1  bl2DE 

bl2 

DN 

-14  1  bl2DN 

bl2 

c3 

-1  1  bl2c3 

mil 

bl3 

7  1  mllbl3 

bl3 

DE 

.  1  bl3DE 

bl3 

DN 

-14  1  bl3DN 

mil 

bl4 

7  1  mllbl4 

bl4 

DE 

.  1  bl4DE 

bl4 

DN 

-14  1  bl4DN 

mil 

bis 

7  1  mllblS 

bl5 

DE 

.  1  blSDE 

bis 

DN 

-14  1  blSDN 

bis 

c7 

-1  1  blSc7 

c7 

Die 

.  2  c7Die 

mil 

bl6 

7  1  mllbie 

bl6 

DE 

.  1  bl6DE 

bl6 

DN 

-14  1  bl6DN 

bl6 

cS 

-1  1  bl6cS 

ml4 

bl7 

1  1  ml4bl7 

bl7 

DE 

.  1  bl7DE 

bl7 

DN 

-2  1  bl7DN 

bl7 

c2 

-1  1  bl7c2 

ml4 

bl8 

1  1  ml4bl8 

bl8 

DE 

.  1  bl8DE 

bl8 

DN 

-2  1  bl8DH 

bl8 

c8 

-1  1 

bl8c8 

c8 

DIR 

.  2 

c8DIR 

nil4 

bl9 

1  1 

ml4bl9 

bl9 

DE 

.  1 

bl9DE 

bl9 

DN 

-2  1 

bl9DN 

bl9 

c9 

-1  1 

bi9c9 

c9 

DIG 

.  2 

c9DIG 

1014 

b20 

1  1 

ml4b20 

b20 

DE 

.  1 

b20DE 

b20 

DN 

-2  1 

b20DN 

mis 

b21 

1  1 

mlSb21 

b21 

DE 

.  1 

b21DE 

b21 

DN 

-2  1 

b21DN 

b21 

c4 

-1  1 

b21c4 

mis 

b22 

1  1 

ml5b22 

b22 

DE 

.  1 

b22DE 

b22 

DN 

-2  1 

b22DN 

b22 

clO 

-1  ] 

1  b22cl0 

clO 

DIR 

.  2 

clODIR 

mis 

b23 

1  1 

mlSb23 

b23 

DE 

.  1 

b23DE 

b23 

DN 

-2  1 

b23DN 

b23 

cll 

-1  ; 

1  b23cll 

cll 

DIG 

.  2 

cllDIG 

mis 

b24 

1  1 

mlSb24 

b24 

DE 

.  1 

b24DE 

b24 

DN 

-2  1 

b24DN 

b24 

c8 

-1  1 

b24c8 

ml6 

b2S 

1  1 

ml6b2S 

b2S 

DE 

.  1 

b2SDE 

b2S 

DN 

-2  1 

b2SDH 

b2S 

c6 

-1  1 

b2Sc6 

ml6 

b26 

1  1 

ml6b26 

b26 

DE 

.  1 

b26DE 

b26 

DN 

-2  1 

b26DN 

b26 

cl2 

-1 

1  b26cl2 

cl2 

DIR 

.  2 

C12DIR 

ml6 

b27 

1  1 

ml6b27 

b27 

DE 

.  1 

b27DE 

b27 

DN 

-2  1 

b27DN 

b27 

cl3 

-1 

1  b27cl3 

cl3 

DIG 

.  2 

C13DIG 

ml6 

b28 

1  1 

ml6b28 

b28 

DE 

.  1 

b28DE 

b28 

DN 

-2  1 

b28DN 

b28 

ClO 

-1 

1  b28clO 

ml7 

b29 

1  1 

ml7b29 

b29 

DE 

.  1 

b29DE 

b29 

DN 

-2  1 

b29DN 

b29 

c7 

-1  1 

b29c7 

ml7 

b30 

1  1 

ml7b30 

b30 

DE 

. 

1  b30DE 

b30 

DN 

-2 

1  b30DN 

ml7 

b31 

1 

1  ml7b31 

=b31 

DE 

. 

1  b31DE 

b31 

DN 

-2 

1  b31DN 

b31 

cl4 

-1 

1  b31cl4 

cl4 

Die 

, 

2  cl4Die 

ml7 

b32 

1 

1  ml7b32 

b32 

DE 

1  b32DE 

b32 

DN 

-2 

1  b32DN 

=b32 

cl2 

-1 

1  b32cl2 

m20 

b33 

2 

1  m20b33 

b33 

DE 

. 

1  b33DE 

b33 

DN 

-4 

1  b33DN 

b33 

c9 

-1 

1  b33c9 

m20 

b34 

2 

1  ra20b34 

;b34 

DE 

, 

1  b34DE 

b34 

DN 

-4 

1  b34DN 

b34 

cl5 

-1 

1  b34cl5 

cl5 

DIR 

. 

2  C15DIR 

ni20 

b35 

2 

1  m20b35 

b35 

DE 

. 

1  b35DE 

b35 

DN 

-4 

1  b35DN 

b35 

cl6 

-1 

1  b35cl6 

cl6 

Die 

. 

2  cl6Die 

ra20 

b36 

2 

1  in20b36 

b36 

DE 

, 

1  b36DE 

b36 

DN 

-4 

1  b36DN 

m21 

b37 

2 

1  ra21b37 

b37 

DE 

1  b37DE 

b37 

DN 

-4 

1  b37DN 

b37 

ell 

-1 

1  b37cll 

m21 

b38 

2 

1  m21b38 

b38 

DE 

. 

1  b38DE 

b38 

DN 

-4 

1  b38DN 

b38 

cl7 

-1 

1  b38cl7 

cl7 

DIR 

. 

2  C17DIR 

m21 

b39 

2 

1  m21b39 

b39 

DE 

, 

1  b39DE 

b39 

DN 

-4 

1  b39DN 

b39 

cl8 

-1 

1  b39cl8 

cl8 

Die 

, 

2  cl8Die 

m21 

b40 

2 

1  ra21b40 

b40 

DE 

, 

1  b40DE 

b40 

DN 

-4 

1  b40DH 

b40 

cl5 

-1 

.  1  b40cl5 

ra22 

b41 

1 

1  m22b41 

b41 

DE 

. 

1  b41DE 

b41 

DN 

-2 

1  b41DN 

b41 

cl3 

-1 

1  b41cl3 

m22 

b42 

1 

1  m22b42 

b42 

DE 

.  1  b42DE 

b42 

DN 

-2  1  b42DN 

b42 

cl9 

-1  1  b42cl9 

cl9 

DIR 

.  2  C19DIR 

m22 

b43 

1  1  in22b43 

b43 

DE 

.  1  b43DE 

b43 

DN 

-2  1  b43DN 

b43 

c20 

-1  1  b43c20 

c20 

DIG 

.  2  C20DIG 

m22 

b44 

1  1  ra22b44 

b44 

DE 

.  1  b44DE 

b44 

DN 

-2  1  b44DN 

b44 

cl7 

-1  1  b44cl7 

m23 

b45 

1  1  m23b45 

b45 

DE 

.  1  b45DE 

b45 

DN 

-2  1  b45DN 

b45 

cl4 

-1  1  b45cl4 

m23 

b46 

1  1  m23b46 

b46 

DE 

.  1  b46DE 

b46 

DN 

-2  1  b46DN 

m23 

b47 

1  1  m23b47 

b47 

DE 

.  1  b47DE 

b47 

DN 

-2  1  b47DN 

b47 

c21 

-1  1  b47c21 

c21 

DIG 

.  2  C21DIG 

m23 

b48 

1  1  m23b48 

b48 

DE 

.  1  b48DE 

b48 

DN 

-2  1  b48DN 

b48 

cl9 

-1  1  b48cl9 

m26 

b49 

7  1  m26b49 

b49 

DE 

.  1  b49DE 

b49 

DN 

-14  1  b49DN 

b49 

cl6 

-1  1  b49cl6 

m26 

b50 

7  1  m26b50 

bSO 

DE 

.  1  bSODE 

b50 

DN 

-14  1  bSODN 

bSO 

c22 

-1  1  b50c22 

c22 

DIR 

.  2  C22DIR 

m26 

bSl 

7  1  m26b51 

b51 

DE 

.  1  bSlDE 

b51 

DN 

-14  1  bSlDN 

in26 

b52 

7  1  m26b52 

b52 

DE 

.  1  b52DE 

b52 

DN 

-14  1  b52DN 

ra27 

b53 

2  1  m27b53 

b53 

DE 

.  1  b53DE 

b53 

DN 

-4  1  b53DN 

bS3 

cl8 

-1  1  b53cl8 

ra27 

b54 

2  1  in27b54 

b54 

DE 

.  1  b54DE 

b54 

DH 

-4  1  b54DH 

b54  c23  -1  1  b54c23 

c23  DIR  .  2  C23DIR 

m27  b55  2  1  m27b5S 

b55  DE  .  1  b55DE 

b55  DN  -4  1  bSSDN 

in27  b56  2  1  m27b56 

b56  DE  .  1  b56DE 

b56  DN  -4  1  b56DN 

b56  c22  -1  1  b56c22 

m2§  b57  3  1  m28b57 

b57  DE  .  1  b57DE 

b57  DN  -6  1  b57DN 

bSt  c20  -1  1  bS7c20 

m28  b58  3  1  m28b58 

b58  DE  .  1  bSSDE 

b58  DN  -6  1  b58DN 

b58  c24  -1  1  bS8c24 

c24  DIR  .  2  C24DIR 

m28  b59  3  1  m28b59 

b59  DE  .  1  b59DE 

b59  DN  -6  1  bS9DN 

m28  b60  3  1  m28b60 

b60  DE  .  1  bSODE 

b60  DN  -6  1  bSODN 

b60  c23  -1  1  b60c23 

m29  b61  3  1  ni29b61 

b61  DE  .  1  beiDE 

b61  DN  -6  1  bSlDN 

b61  c21  -1  1  b61c21 

m29  b62  3  1  m29b62 

b62  DE  .  1  b62DE 

b62  DN  -6  1  b62DN 

m29  b63  3  1  ra29b63 

b63  DE  .  1  b63DE 

b63  DN  -6  1  b63DN 

m29  b64  3  1  ra29b64 

b64  DE  .  1  b64DE 

b64  DN  -6  1  b64DN 

b64  c24  -1  1  b64c24 


[  data  cond  and  proc  netflow  not  included  ] 
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C.28  Partial  Jog  Output  File  for  Problem  CELLBORDERSB,  Run  8 


NOTE:  Niunber  of  nodes=  109  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:  Humber  of  demand  nodes=  4  . 

NOTE:  Total  supply=  64  ,  total  demand=  64  . 

NOTE:  Number  of  arcs=  280  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints) =  154  . 
NOTE:  Of  these,  93  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  -130  . 

NOTE:  Number  of  <=  side  constraints=  0  . 

NOTE:  Number  of  ==  side  constraints=  72  . 

NOTE:  Number  of  >=  side  constraints=  0  . 

NOTE:  Number  of  arc  and  nonarc  variable  side  constraint  coefficients=  240 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  195  . 

NOTE:  Of  these,  177  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  -126  . 

NOTE:  The  data  set  WORK. SOLUTION  has  280  observations  and  14  variables. 
981  print  arcs/nonzero;  run; 

NOTE:  The  PROCEDURE  NETFLOW  printed  pages  1-8. 


C.29  Partial  Input  File  for  Problem  CELLD0RDER2B,  Run  9 


3 


data  noded; 

input  _node_$  _sd_; 
cards ; 


S  64 
DE  -10 
DIR  -8 
DIG  -6 
DK  -40 


data  arcd; 

input  _from_$  _to_$  _cost_  _capac _ name_$; 

cards ; 

S  ra8  .  4  Sm8 
S  mO  .  4  GiftO 


s 

mlO 

4 

SmlO 

s 

mil 

4 

Smll 

s 

ir.l4 

4 

Sml4 

s 

mis 

4 

SmlS 

s 

ml6 

4 

SmlG 

s 

ml7 

4 

Sml7 

s 

m20 

4 

Sm20 

s 

m21 

4 

Sm21 

s 

m22 

4 

Sm22 

s 

m23 

4 

Sm23 

s 

m26 

4 

Sra26 

s 

m27 

4 

Sm27 

s 

m28 

4 

Sm28 

s 

m29 

4 

Sra29 

t'l- 

bl 

1 

1 

m8bl 

bl 

DE 

, 

1 

blDE 

bl 

DN 

98 

1 

blDN 

m8 

b2 

1 

1 

ra8b2 

b2 

DE 

1 

b2DE 

b2 

DN 

98 

1 

b2DN 

b2 

cl 

-1 

1 

b2cl 

cl 

DIR 

2 

clDIR 

m8 

b3 

1 

1 

m8b3 

b3 

DE 

1 

b3DE 

b3 

DN 

98 

1 

b3DN 

b3 

c2 

-1 

1 

b3c2 

c2 

DIG 

, 

2 

C2DTG 

m8 

b4 

1 

1 

ra8b4 

b4 

DE 

, 

1 

b4DE 

b4 

DN 

98 

1 

b4DN 

n>9 

bS 

1 

1 

m9b5 

bS 

DE 

, 

1 

bSDE 

bS 

DN 

98 

1 

bSDN 

ni9 

bS 

1 

1 

m8b6 

b6 

DE 

, 

1 

b6DE 

I 


I 
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b6 

DN  98  1 

b6DN 

b6 

c3  - 

1  1 

b6c3 

c3 

DIR 

.  2 

C3DIR 

m9 

b7  1 

1  m9b7 

b7 

DE  . 

1  b7DE 

b7 

DN  98  1 

b7DN 

b7 

c4  - 

1  1 

b7c4 

c4 

Die 

.  2 

c4Die 

m9 

b8  1 

1  m9b8 

b8 

DE  . 

1  b8DE 

b8 

DN  98  1 

b8DN 

b8 

cl  - 

1  1 

b8cl 

mlO 

b9 

7  1 

ml0b9 

b9 

DE  . 

1  b9DE 

b9 

DN  86  1 

b9DN 

mlO 

blO 

7  1 

mlOblO 

blO 

DE 

.  1 

blODE 

blO 

DN 

86  1 

blODN 

blO 

c5 

-1  1 

blOcS 

c5 

DIR 

.  2 

cSDIR 

mlO 

bll 

7  1 

mlObll 

bll 

DE 

.  1 

bllDE 

bll 

DN 

86  1 

bllDN 

bll 

c6 

-1  1 

bllc6 

c6 

Die 

.  2 

c6Die 

mlO 

bl2 

7  1 

ml0bl2 

bl2 

DE 

.  1 

bl2DE 

bl2 

DN 

86  1 

bl2DN 

bl2 

c3 

-1  1 

bl2c3 

mil 

bl3 

7  1 

rallbl3 

bl3 

DE 

.  1 

bl3DE 

bl3 

DN 

86  1 

bl3DN 

mil 

bl4 

7  1 

mllbl4 

bl4 

DE 

.  1 

bl4DE 

bl4 

DN 

86  1 

bl4DN 

mil 

bl5 

7  1 

ml  Ibis 

bl5 

DE 

.  1 

blSDE 

bl5 

DN 

86  1 

blSDN 

bl5 

c7 

-1  1 

bl5c7 

c7 

Die 

.  2 

c7Die 

mil 

bl6 

7  1 

mllbie 

bl6 

DE 

.  1 

bl6DE 

bl6 

DN 

86  1 

bl6DN 

bl6 

c5 

-1  1 

bl6cS 

ml4 

bl7 

1  1 

ml4bl7 

bl7 

DE 

.  1 

bl7DE 

bl7 

DN 

98  1 

bl7DN 

bl7 

c2 

-1  1 

bl7c2 

ml4 

bl8 

1  1 

ml4bl8 

bl8 

DE 

.  1 

bl8DE 

bl8 

DN 

98  1 

bl8DN 

I 


-a 

a 

j 


i 
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bl8 

c8 

-1  1 

bl8c8 

c8 

DIR 

.  2 

C8DIR 

ml4 

bl9 

1  1 

ml4bl9 

bl9 

DE 

.  1 

bl9?)E 

bl9 

DN 

98  1 

bl9DN 

bl9 

c9 

-1  1 

bl9c9 

c9 

Die 

.  2 

c9Die 

ml4 

b20 

1  1 

ml4b20 

b20 

DE 

.  1 

b20DE 

b20 

DN 

98  1 

b20DN 

mis 

b21 

1  1 

mlSb21 

b21 

DE 

.  1 

b21DE 

b21 

DN 

98  1 

b21DN 

b21 

c4 

-1  1 

b21c4 

mis 

b22 

1  1 

mlSb22 

b22 

DE 

.  1 

b22DE 

b22 

DN 

98  1 

b22DN 

b22 

clO 

-1  J 

L  b22cl0 

clO 

DIR 

.  2 

clODIR 

mis 

b23 

1  1 

mlSb23 

b23 

DE 

.  1 

b23DE 

b23 

DN 

98  1 

b23DN 

b23 

cll 

-1  ; 

L  b23cll 

cll 

Die 

.  2 

cllDIC 

mis 

b24 

1  1 

ml5b24 

b24 

DE 

.  1 

b24DE 

b24 

DN 

98  1 

b24DN 

b24 

c8 

-1  1 

b24c8 

ml6 

b2S 

1  1 

ml6b2S 

b2S 

DE 

.  1 

b2SDE 

b2S 

DN 

98  1 

b2SDN 

b2S 

c6 

-1  1 

b2Sc6 

ml6 

b26 

1  1 

ml6b26 

b26 

DE 

.  1 

b26DE 

b26 

DN 

98  1 

b26DN 

b26 

cl2 

-1 

1  b26cl2 

cl2 

DIR 

.  2 

C12DIR 

ml6 

b27 

1  1 

ml6b27 

b27 

DE 

.  1 

b27DE 

b27 

DN 

98  1 

b27DN 

b27 

cl3 

-1 

1  b27cl3 

cl3 

Die 

.  2 

cl3Die 

ml6 

b28 

1  1 

ml6b28 

b28 

DE 

.  1 

b28DE 

b28 

DN 

98  1 

b28DH 

b28 

ClO 

-1 

1  b28cl0 

ml7 

b29 

1  1 

ml7b29 

b29 

DE 

.  1 

b29DE 

b29 

DN 

98  1 

b29DN 

b29 

c7 

-1  1 

b29c7 

ml7 

b30 

1  1 

ml7b30 

b30 

DE 

.  1  b30DE 

b30 

DN 

98  1  b30DN 

ml7 

b31 

1  1  inl7b31 

b31 

DE 

.  1  b31DE 

b31 

DN 

98  1  b31DN 

b31 

cl4 

-1  1  b31cl4 

cl4 

Die 

.  2  cl4Die 

ral7 

b32 

1  1  ml7b32 

b32 

DE 

.  1  b32DE 

b32 

DN 

98  1  b32DN 

b32 

cl2 

-1  1  b32cl2 

m20 

b33 

2  1  m20b33 

b33 

DE 

.  1  b33DE 

b33 

DN 

96  1  b33DN 

b33 

c9 

-1  1  b33c9 

m20 

b34 

2  1  m20b34 

b34 

DE 

.  1  b34DE 

b34 

DN 

96  1  b34DN 

b34 

clS 

-1  1  b34cl5 

cl5 

DIR 

.  2  clBDIR 

m20 

b35 

2  1  ra20b3S 

b35 

DE 

.  1  b35DE 

b3S 

DN 

96  1  b3SDN 

b35 

cl6 

-1  1  b35cl6 

ci6 

Die 

.  2  cl6Die 

m20 

b36 

2  1  m20b36 

b36 

DE 

.  1  b36DE 

b36 

DN 

96  1  b36DN 

m21 

b37 

2  1  in21b37 

b37 

DE 

.  1  b37DE 

b37 

DN 

96  1  b37DN 

b37 

ell 

-1  1  b37cll 

in21 

b38 

2  1  m21b38 

b38 

DE 

.  1  b38DE 

b38 

DN 

96  1  b38DN 

b38 

cl7 

-1  1  b38cl7 

cl7 

DIR 

.  2  C17DIR 

ra21 

b39 

2  1  ra21b39 

b39 

DE 

.  1  b39DE 

b39 

DN 

96  1  b39DN 

b39 

cl8 

-1  1  b39cl8 

cl8 

Die 

.  2  cl8Die 

m2l 

b40 

2  1  m21b40 

b40 

DE 

.  1  b40DE 

b40 

DN 

96  1  b40DN 

b40 

clS 

-1  1  b40cl5 

m22 

b41 

1  1  m22b41 

b41 

DE 

.  1  b41DE 

b41 

DN 

98  1  b41DN 

b41 

cl3 

-1  1  b41cl3 

m22 

b42 

1  1  ra22b42 

b42 

DE 

.  1 

b42DE 

b42 

DN 

98  1 

b42DN 

b42 

cl9 

-1  1 

b42cl9 

cl9 

DIR 

.  2 

C19DIR 

m22 

b43 

1  1 

m22b43 

b43 

DE 

.  1 

b43DE 

b43 

DN 

98  1 

b43DN 

b43 

c20 

-1  1 

b43c20 

c20 

Die 

.  2 

c20Die 

m22 

b44 

1  1 

m22b44 

b44 

DE 

.  1 

b44DE 

b44 

DN 

98  1 

b44DN 

b44 

cl7 

-1  1 

b44cl7 

m23 

b45 

1  1 

m23b45 

b45 

DE 

.  1 

b45DE 

b4S 

DN 

98  1 

b45DN 

b45 

cl4 

-1  1 

b45cl4 

m23 

b46 

1  1 

m23b46 

b46 

DE 

.  1 

b46DE 

b46 

DN 

98  1 

b46DN 

m23 

b47 

1  1 

ra23b47 

b47 

DE 

.  1 

b47DE 

b47 

DN 

98  1 

b47DN 

b47 

c21 

-1  1 

.  b47c21 

c21 

Die 

•  .2 

c21Die 

m2  3 

b48 

1  1 

m23b48 

b48 

DE 

,  1 

b48DE 

b48 

DN 

98  1 

b48DN 

b48 

cl9 

-1  J 

.  b48cl9 

m26 

b49 

7  1 

m26b49 

b49 

DE 

,  1 

b49DE 

b49 

DN 

86  1 

b49DN 

b49 

cl6 

-1  1 

^  b49cl6 

m26 

bSO 

7  1 

m26bS0 

bSO 

DE 

.  1 

bSODE 

bSO 

DN 

86  1 

bSODN 

bSO 

c22 

-1  j 

L  b50c22 

c22 

DIR 

.  2 

C22DIR 

m26 

b51 

7  1 

ra26b51 

b51 

DE 

.  1 

bSlDE 

b51 

DN 

86  1 

bSlDN 

m26 

b52 

7  1 

m26b52 

b52 

DE 

.  1 

b52DE 

b52 

DN 

86  1 

b52DN 

ro27 

b53 

2  1 

ra27b53 

b53 

DE 

.  1 

b53DE 

b53 

DN 

96  1 

b53DN 

b53 

cl8 

-1  : 

1  b53cl8 

m27 

b54 

2  1 

m27bS4 

b54 

DE 

.  1 

b54DE 

b54 

DN 

96  1 

b54DN 

b54 

c23 

-1  1  b54c23 

c23 

DIR 

.  2  C23DIR 

m27 

b55 

2  1  m27b55 

b55 

DE 

.  1  b55DE 

bSS 

DN 

96  1  bSSDN 

iii27 

b56 

2  1  m27b56 

b56 

DE 

.  1  b56DE 

b56 

DN 

96  1  b56DN 

b56 

c22 

-1  1  b56c22 

in28 

b57 

3  1  m28b57 

b57 

DE 

.  1  b57DE 

b57 

DN 

94  1  b57DN 

b57 

c20 

-1  1  b57c20 

m28 

b58 

3  1  m28b58 

b58 

DE 

.  1  bS8DE 

b58 

DN 

94  1  bSSDN 

b58 

c24 

-1  1  b58c24 

c24 

DIR 

.  2  C24DIR 

m28 

b59 

3  1  m28b59 

b59 

DE 

.  1  b59DE 

b59 

DN 

94  1  bS9DN 

m28 

b60 

3  1  m28b60 

b60 

DE 

.  1  b60DE 

b60 

DN 

94  1  b60DN 

b60 

c23 

-1  1  b60c23 

m29 

b61 

3  1  m29b61 

b61 

DE 

.  1  b61DE 

b61 

DN 

94  1  b61DN 

b61 

c21 

-1  1  b61c21 

m29 

b62 

3  1  in29b62 

b62 

DE 

.  1  b62DE 

b62 

DN 

94  1  b62DN 

m29 

b63 

3  1  m29b63 

b63 

DE 

.  1  b63DE 

b63 

DN 

94  1  b63DN 

ra29 

b64 

3  1  ra29b64 

b64 

DE 

.  1  b64DE 

b64 

DN 

94  1  b64DN 

b64 

c24 

-1  1  b64c24 

[  data  cond  and  proc  netflow  not  included  ] 
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C.30  Partial  .log  Out-put  File  for  Problem  CELLB0RDER2B,  Run  9 


NOTE:  Number  of  nodes=  109  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:  Niuttber  of  demand  nodes=  4  . 

NOTE:  Total  supply=  64  ,  total  demand=  64  . 

NOTE:  Number  of  arcs=  280  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  186  . 
NOTE:  Of  these,  125  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  3870  . 

NOTE:  Number  of  <=  side  constraints=  0  . 

NOTE:  Number  of  ==  side  constraints=  72  . 

NOTE:  Number  of  >=  side  constraints=  0  . 

NOTE:  Number  of  arc  and  nonarc  variable  side  constraint  coeff icients=  240  . 
NOTE:  Number  of  iterations,  optimizing  with  constraints=  213  . 

NOTE:  Of  these,  196  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  3874  . 

NOTE:  The  data  set  WORK . SOLUTION  has  280  observations  and  14  variables. 

982  print  arcs/nonzero;  run; 

983 

NOTE:  The  PROCEDURE  NETFLOW  printed  pages  1-8. 
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C.31  Partial  Input  File  for  Problem  CELLB0RDER2B,  Run  10 


data  noded; 

input  _node_$  _sd_ ; 
cards; 

S  24 
DE  -10 
DI  -14 


data  arcd; 

input  _from_$  _to_$  _cost_  _capac _ name_$; 

cards ; 

S  m8  .  4  Sm8 


s 

m9  . 

4  Sm9 

s 

mlO  . 

4 

SralO 

s 

mil 

4 

Smll 

s 

ml4 

4 

Sml4 

s 

mis 

4 

SmlS 

s 

ml6 

4 

Sml6 

s 

ml7 

4 

Sml7 

s 

m20 

4 

Sm20 

s 

ra21 

4 

Sm21 

s 

m22 

4 

Sra22 

s 

m23 

4 

Sm23 

s 

m26 

4 

Sm26 

s 

m27 

4 

Sm27 

s 

m28 

4 

Sm28 

s 

m29 

4 

Sm29 

m8 

bl 

1 

m8bl 

bl 

DE 

:  1 

blDE 

ra8 

b2  . 

1 

m8b2 

b2 

DE 

1  1 

b2DE 

b2 

cl 

1  1 

b2cl 

cl 

DI  . 

.  2 

clDI 

m8 

b3  . 

1 

m8b3 

b3 

DE 

1  1 

b3DE 

b3 

c2 

1  1 

b3c2 

c2 

DI  , 

.  2 

c2DI 

m8 

b4  , 

1 

m8b4 

b4 

DE 

1  1 

b4DE 

ra9 

bS  , 

1 

m9b5 

bS 

DE 

1  1 

bSDE 

in9 

b6 

.  1 

m9b6 

b6 

DE 

1  1 

b6DE 

b6 

c3 

1  1 

b6c3 

c3 

DI 

.  2 

c3DI 

ra9 

b7 

.  1 

m9b7 

b7 

DE 

1  1 

b7DE 

b7 

c4 

1  1 

b7c4 

c4 

DI 

.  2 

c4DI 

m9 

b8 

.  1 

m9b8 

26?) 


b8 

DE 

1  1 

b8DE 

b8 

cl 

1  1 

b8cl 

mlO 

b9 

.  1 

ml0b9 

b9 

DE 

7  1 

b9DE 

mlO 

blO 

, 

1 

mlOblO 

blO 

DE 

7 

1 

blODE 

blO 

c5 

7 

1 

bl0c5 

c5 

DI  . 

2 

cSDI 

mlO 

bll 

1 

mlObll 

bll 

DE 

7 

1 

bllDE 

bll 

c6 

7 

1 

bllc6 

c6 

DI  . 

2 

c6DI 

ralO 

bl2 

1 

ml0bl2 

bl2 

DE 

7 

1 

bl2DE 

b]2 

c3 

7 

1 

bl2c3 

rail 

bl3 

. 

1 

mllbl3 

bl3 

DE 

7 

1 

bl3DE 

roll 

bl4 

. 

1 

mllbl4 

bl4 

DE 

7 

1 

bl4DE 

rail 

bl5 

. 

1 

mllblS 

bl5 

DE 

7 

1 

bl5DE 

bl5 

c7 

7 

1 

bl5c7 

c7 

DI  . 

2 

c7DI 

rail 

bl6 

. 

1 

rallbie 

bl6 

DE 

7 

1 

bl6DE 

bl6 

c5 

7 

1 

bl6cS 

ml4 

bl7 

. 

1 

ml4bl7 

bl7 

DE 

1 

1 

bl7DE 

bl7 

c2 

1 

1 

bl7c2 

ral4 

bl8 

. 

1 

ml4bl8 

bl8 

DE 

1 

1 

bl8DE 

bl8 

c8 

1 

1 

bl8c8 

c8 

DI  , 

.  2 

c8DI 

ral4 

bl9 

. 

1 

ml4bl9 

bl9 

DE 

1 

1 

bl9DE 

bl9 

c9 

1 

1 

bl9c9 

c9 

DI  , 

.  2 

c9DI 

ral4 

b20 

. 

1 

ml4b20 

b20 

DE 

1 

1 

b20DE 

ral5 

b21 

, 

1 

inl5b21 

b21 

DE 

1 

1 

b21DE 

b21 

c4 

1 

1 

b21c4 

ral5 

b22 

, 

1 

ml5b22 

b22 

DE 

1 

1 

b22DE 

b22 

clO 

1 

1  b22cl0 

clO 

DI 

.  2 

clODI 

nil  5 

b23 

, 

1 

ml5b23 

b23 

DE 

1 

1 

b23DE 

b23 

cll 

1 

1  b23cll 

cll 

DI 

.  2 

cllDI 

ralS 

b24 

1 

ral5b24 

b24 

DE 

1  1 

b24DE 

b24 

c8 

1  1 

b24c8 

ml6 

b25 

.  1 

ml6b25 

b25 

DE 

1  i 

b25DE 

b25 

c6 

1  1 

b25c6 

ml6 

b26 

.  1 

ml6b26 

b26 

DE 

1  1 

b26DE 

b26 

cl2 

1  1 

b26cl2 

cl2 

DI 

.  2  C12DI 

mie 

b27 

.  1 

ml6b27 

b27 

DE 

1  1 

b27DE 

b27 

cl3 

1  1 

b27cl3 

cl3 

DI 

.  2  1 

:13DI 

mio 

b28 

i 

ml6b28 

b28 

DE 

1  1 

b28DE 

b28 

clO 

1  1 

b28cl0 

ml7 

b29 

.  1 

ml7b29 

b29 

DE 

1  1 

b29DE 

b29 

c7 

1  1 

b29c7 

ml7 

b30 

1 

ml7b30 

bSO 

DE 

1  1 

b30DE 

ml7 

b31 

.  1 

ml7b31 

b31 

DE 

1  1 

b31DE 

b31 

cl4 

1  1 

b31cl4 

cl4 

DI 

.  2 

C14D1 

ml7 

b32 

.  1 

ml7b32 

b32 

DE 

1  1 

b32DE 

b32 

cl2 

1  1 

b32cl2 

m20 

b33 

.  1 

ra20b33 

b33 

DE 

2  1 

b33DE 

b33 

c9 

2  1 

b33c9 

m20 

b34 

.  1 

m20b34 

b34 

DE 

2  1 

b34DE 

b34 

cl5 

2  1 

b34cl5 

cl5 

DI 

.  2 

clSDI 

m20 

b35 

.  1 

m20b35 

b35 

DE 

2  1 

b35DE 

b35 

cl6 

2  1 

b35cl6 

cl6 

DI 

.  2 

C16DI 

ra20 

b36 

.  1 

in20b36 

b36 

DE 

2  1 

b36DE 

m21 

b37 

.  1 

m21b37 

b37 

DE 

2  1 

b37DE 

b37 

cll 

2  1 

b37cll 

m21 

b38 

.  1 

m21b38 

b38 

DE 

2  1 

b38DE 

b38 

cl7 

2  1 

b38cl7 

cl7 

DI 

.  2 

C17DI 

m21 

b39 

.  1 

m21b39 

b39 

DE 

2  1 

b39DE 

b39 

cl8 

2  1 

b39cl8 

cl8 

DI 

.  2 

C18DI 

m21 

b40 

. 

1 

m21b40 

b40 

DE 

2 

1 

b40DE 

MO 

CIS 

2 

1 

b40cl5 

m22 

b41 

. 

1 

m22b41 

b41 

DE 

1 

1 

b41DE 

b41 

cl3 

1 

1 

b41cl3 

m22 

b42 

. 

1 

ra22b42 

b42 

DE 

1 

1 

b42DE 

b42 

cl9 

1 

1 

b42cl9 

cl9 

DI 

.  2 

;  C19DI 

m22 

b43 

, 

1 

m22b43 

b43 

DE 

1 

1 

b43DE 

b43 

c20 

1 

1 

b43c20 

c20 

DI 

.  2 

’  C20DI 

m22 

b44 

, 

1 

m22b44 

b44 

DE 

1 

1 

b44DE 

b44 

cl7 

1 

1 

b44cl7 

ni23 

b45 

. 

1 

m23b45 

b45 

DE 

1 

1 

b4SDE 

b45 

cl4 

1 

1 

b45cl4 

m23 

b46 

• 

1 

m23b4S 

b46 

DE 

1 

1 

b46DE 

m23 

b47 

. 

1 

ra23b47 

b47 

DE 

1 

1 

b47DE 

b47 

c21 

1 

1 

b47c21 

c21 

DI 

r 

.  A 

!  C21DI 

m23 

b48 

. 

1 

ni23b48 

b48 

DE 

1 

1 

b48DE 

b48 

cl9 

1 

1 

b48cl9 

ni26 

b49 

. 

1 

m26b49 

b49 

DE 

7 

1 

b49DE 

b49 

cl6 

7 

1 

b49cl6 

m26 

bSO 

. 

1 

ra26b50 

bSO 

DE 

7 

1 

bSODE 

b50 

c22 

7 

1 

b50c22 

c22 

DI 

.  2 

C22DI 

ni26 

bSl 

. 

1 

ra26b51 

b51 

DE 

7 

1 

bSlDE 

m26 

b52 

. 

1 

m26b52 

b52 

DE 

7 

1 

b52DE 

in27 

b53 

1 

m27b53 

b53 

DE 

2 

1 

b53DE 

b53 

cl8 

2 

1 

b53cl8 

m27 

b54 

. 

1 

m27b54 

b54 

DE 

2 

1 

bS4DE 

b54 

c23 

2 

1 

bS4c23 

c23 

DI 

2 

C23DI 

ni27 

bSS 

. 

1 

m27b5S 

b55 

DE 

2 

1 

bSSDE 

ni27 

b56 

1 

m27b56 

b56 

DE 

2 

1 

b56DE 

b56 

c22 

2 

1 

b56c22 

m28 

b57 

, 

1 

m28b57 

b57 

DE 

3 

1 

b57DE 

b57 

c20 

3 

1 

b57c20 

m28 

b58 

. 

1 

m28b58 

b58 

DE 

3 

1 

b58DE 

bS8 

c24 

3 

1 

b58c24 

c24 

DI 

.  ^ 

!  C24DI 

m28 

b59 

. 

1 

m28b59 

b59 

DE 

3 

1 

b59DE 

m28 

b60 

. 

1 

m28b60 

b60 

DE 

3 

1 

beODE 

b60 

c23 

3 

1 

b60c23 

m29 

b61 

1 

m29b61 

b61 

DE 

3 

1 

beiDE 

b61 

c21 

3 

1 

b61c21 

m29 

b62 

. 

1 

m29b62 

b62 

DE 

3 

1 

b62DE 

m29 

b63 

. 

1 

m29b63 

b63 

DE 

3 

1 

b63DE 

m29 

b64 

. 

1 

m29b64 

b64 

DE 

3 

1 

b64DE 

b64 

c24 

3 

1 

b64c24 

C  data  cond  and  netflow  not  included  ] 
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C.3S  Partial  .log  and  .Its  Output  Files  for  Problem  CELLB0RDER2D,  Run  10 

NOTE:  Number  of  nodes=  107  . 

NOTE:  Number  of  supply  nodes=  1  . 

NOTE:  Number  of  demand  nodes=  2  . 

NOTE:  Total  supply=  24  ,  total  deraand=  24  . 

NOTE:  Number  of  arcs=  216  . 

NOTE:  Number  of  iterations  performed  (neglecting  any  constraints)=  131  . 

NOTE:  Of  these,  109  were  degenerate. 

NOTE:  Optimum  (neglecting  any  constraints)  found. 

NOTE:  Minimal  total  cost=  24  . 

NOTE:  Number  of  <=  side  constraints=  0  . 

NOTE:  Humber  of  ==  side  constraints=  72  . 

NOTE:  Number  of  >=  side  constraints=  32  . 

NOTE:  Number  of  arc  cind  nonarc  variable  side  constraint  coeff icients=  368  . 
NOTE:  Humber  of  iterations,  optimizing  with  constraints=  141  . 

NOTE:  Of  these,  119  were  degenerate. 

NOTE:  Optimum  reached. 

NOTE:  Minimal  total  cost=  25.142857143  . 

JOTE:  The  data  set  WORK . SOLUTION  has  216  observations  and  14  variables. 

''bC  print  arcs/nonzero;  run; 


NOTE:  The  PROCEDURE  NETFLOW  printed  pages  1-4. 


_FR0M 

_T0_ 

_C0ST_ 

.CA?AC_ 

_L0_ 

_NAME_ 

.SUPPLY. 

97 

S 

rai4 

0 

4 

0 

SH14 

24 

98 

S 

mis 

0 

4 

0 

SM15 

24 

99 

S 

mie 

0 

4 

0 

SH16 

24 

100 

S 

ml7 

0 

4 

0 

SH17 

24 

101 

S 

m20 

0 

4 

0 

SH20 

24 

102 

S 

m21 

0 

4 

0 

SM21 

24 

103 

S 

m22 

0 

4 

0 

SH22 

24 

104 

S 

m23 

0 

4 

0 

SH23 

24 

105 

S 

m8 

0 

4 

0 

3H8 

24 

106 

S 

m9 

0 

4 

0 

SH9 

24 

_N_ 

- 

DEMAND, 

_FL0W_ 

_FC0ST_ 

.RCOST.  .STATUS. 

97 

2.8571428571 

0 

KEY.ARC 

BASIC 

98 

2.8571428571 

0 

KEY.ARC 

BASIC 

99 

2.8571428571 

0 

KEY.ARC 

BASIC 

100 

2.8571428571 

0 

KEY.ARC 

BASIC 

101 

0.5714285714 

0 

KEY.ARC 

BASIC 

102 

0.5714285714 

0 

KEY.ARC 

BASIC 

103 

2.8571428571 

0 

KEY.ARC 

BASIC 

104 

2.8571428571 

0 

KEY.ARC 

BASIC 

105 

2.8571428571 

0 

KEY.ARC 

BASIC 

106 

2.8571428571 

0 

KEY.ARC 

BASIC 

<A-  i/y 


Appendix  D.  Pixel  Subregion  Allozation  Computer  Programs.  Input 

and  Output  Files 


D.l  The  "IMAGING”  System  Program 


$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 


FILE  :IHAGII1G.  COM 

DESCRIPTION:  Executes  the  GAHS  input  lile  generator  (a  Pascal 
program  named  3UBNETS.EXE),  then  GAHS  itself,  and  finally 
the  solution  program  (pascal  program  SOLUTIOH.EXE). 

This  file  is  executed  interactively  using  the  command: 

Simaging 

ENVIRONMENT:  VAX/VHS  (hercules) 

AUTHOR:  Thomas  G.  Reed 
DATE:  OCT  91 


CLEAR 

DEKIHE/USER_HODE  SYSSIHPUT  SYSSCOMHAND 

!  run  the  executable  file  to  query  the  user  and  set  up  the  GAHS  file 
RUN  SUBNETS 

!  get  access  to  the  GAHS  library 

GETGAHS 

!  run  GAHS 

GAHS  HSA.DAT 

!  rename  the  GAMS  output 

REN  NSA.LIS  LISTING.DAT 

RUN  SOLUTION 

!  get  rid  of  old  data  files  (too  many  in  the  directory  cause  problems) 
DELETE  HORKING.DAT:* 

DELETE  NS A. DAT;* 

DELETE  XVAR.DAT;* 

PURGE  LISTING.DAT 
EXIT 
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j  (0 1.1. Ji.ij  a;  ti  1 1 j  jj 


MICROCOPY  RESOLUTION  TEST  CHART 

national  bureau  of  stahoards-ibbs-a 


0.2  The  “SOLUTION’’  Pascal  Program 


iprograiiiisolution  (input,  output,  ircdata,  listing,  xvar,  compact im) ; 

Program  to  read  from  the  GAMS  output  file  LISTIKG.DAT 

(which  is  a  copy  of  the  NSA.LIS  generated  by  GAMS)  and 

present  the  output  in  a  2-D  format  on  screen  and  also 

in  a  data  file  "compactim"  (which  can  be  re-displayed  at  a  later  time 

for  visual  comparison  purposes  with  the  original  image) .  } 


war 

rcdata,  listing,  xvar,  compactim:  text; 
rows,  coluhuis:  integer; 

,-{*********!(c***>!*jt;*++***:)c  ^procedure  FIND_DATA  jI"************!)!***********)- 
iprocedure  find_data; 


<const 

keyl  =  ’ — 
Key>  =  '  VAR' ; 
key3=  '  X'; 


.type 

string  =  packed  array  Cl.. 4]  of  char; 

■var 

gotit:  boolean; 
i,  safety:  integer; 

section:  array  C1..3]  of  string;  {used  to  find  the  X  var  output  section} 

ibegin  {find_data} 
gotit  :=  false; 
safety  :=  1; 

while  (  (not  (gotit))  and  (safety<1000)  )do  {go  to  VAR  X  portion  of  output  file} 
begin 

readln  (listing) ; 
for  i  :=  1  to  3  do 
begin 

read  (listing,  sectionCi]) 
end;  {for} 
safety  :=  safety+1; 

if  (sectionCl]=keyl)  and  (section[2]=key2)  and  (section [3] =key3)  then  gotit  :=  true 
end  {while}  {we  are  at  the  X  variable  output  section} 

end;  {find_data} 

{*****+♦+********♦**>*:♦++  PROCEDURE  XVAR_FILE  ************+********♦*♦♦} 

procedure  xvar_f ile(var  rows,  columns:  integer); 

type 
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string  =  packed  array  Cl.. 8]  of  char; 

var 

gotit:  boolean; 
i,  integeir; 

part :  array  Cl . . 3]  of  string ; 
ch:  array  Cl;. 10]  of  char; 

begin  {xvar^filej- 

read  (rcdata,  rows);  {determine  number  of  rows  and  columns} 

read  (rcdata,  columns); 
i  :=  1; 

while  (  (not  eof  (listing))  and  (i<=((columns+2)*(rows+2)))  )  do 
begin 

read  (listing,  chCi]); 
read  (listing,  chC2]); 

while  (  (chCi]>='i’)and(chCl]<='9’)  or  (chC2]>=’l')cUid(chC2]<='9’)  )  do 
begin  {check  for  data  line} 

for  j  :=  1  to  3  do  read  (listing,  part Cjl); 

writeln  (xvar,  partC3]);  {write  X  var  data  to  the  PARTIAL  file} 

i  :=  i+1; 

readln  (listing) ; 

■read  (listing,  chCl]); 
read  (listing,-  chC2]) 
end;  {while  ch> 
readln  (listing) 
end  {while  not  eof} 
end;  {xvar_file} 

{*,*♦******************♦*  PROCEDURE  ANSWER  ******♦+*++***+**********} 

procedure  answer (var  rows,  columns:  integer); 

var 

pixel:  array  Cl.. 30,  1..30]  of  integer; 
i,  j,  k,  lastcol,  area:  integer; 
gotit:  boolean; 
ch:  array  Cl. .10]  of  char; 

begin  {answer} 

for  i  :=  1  to  (rows+2)  do 
begin 

for  j  :=  1  to  (columns+2)  do 
begin 

pixel Ci,j]  :=  88  {set  all  pixels  to  88  initially} 

end  {for  j} 
end;  {for  i} 

lastcol  :=  3; 

if  (rows't2)  >  9  then  lastcol  :=  lastcol  +  1; 


if  ;(coruiims+2)  >  9  then  lasted  :=  lasted  +  1; 

for  i  :=  1  to  (rows+2)  do 

begin 

for  j  :=  1  to  (oolumns+2)  do 
begin 

gotit  :=  false; 

while  (not  (gotit))  do 

begin 

k  :=  l; 

while  (  (k  <=  lasteol)  and  not  (eof(xvar)) 
begin 

read  (xvar,  ehCk]); 
if  (ehCk]  =  ’.’)  then  gotit  :=  true; 
if  (ehCk]  =  ’!’)  then  pixel [i.j]  :=  1; 
k  :=  k+1 
end;  {while> 
readln  (xvar) 
end  {while} 
end= {for  j} 
end;  {for  i} 


)  do 


{if  there  is  a  1  anywhere  on} 
{the  output  line,  we  have} 
{found  a  subregion  pixel} 


writeln; 

writeln; 

writeln-  ( ’*****,************.******ii<iic****+*+*>it>it*********!tc**********!it*>)t*!|t*> )  j 
writeln  (’SOLUTION  IMAGE:’);  {show  user  what  image  looks  like} 

writeln; 

write  (’  1’);  {label  for  column  1} 

for  j  :=  2  to  columns  do  {labels  for  coiiunns  2  and  up} 

begin 

write  (j:3) 

end; 

writeln; 
writeln; 
area  :=  0; 

for  i  :=  2  to  rows+1  do  {write  output  in  matrix  form} 

begin 

write  ((i-l):2);  {labels  for  row  numbers} 

for  j  :=  2  to  columns+1  do 

begin 

if  pixelCi.j]  =  1  then  area  :=  area+1;  {determine  area} 

write  (pixelCi, j] :3) ;  {solution  pixels  written  to  screen} 

write  (cpmpactim,  pixelCi.j] :3)  {solution  pixels  written  to  file} 

end; 

writeln; 

writeln  (compactim) 

end; 

writeln; 

writeln  (’NOTE:  Pixels  denoted  with  a  1  represent  actual  subregion  pixels’); 
writeln  (’as  dictated  by  your  spectral  and  spatial  requirements;  those’); 
writeln  (’denoted  with  88  are  non-subregion  pixels.’); 
writeln; 
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writeln  (’The  subregion  pixels  comprise  a  total  area  of:  area: 5); 

writeih  ( '  **^+**+***++**+>i:***!fc+*+**+****i<***t+*+**+****+*+**+++*!it*+*++* ' ) ; 

Hriteln 
end;  {answer} 

■[******++!it**^t**+****+»***!(;4"  MAIN  PROGRAM  :  SOLUTION  ***♦!(!*+*+***++********+*++♦} 

begin  {solution} 

reset  (listing) ; 

find_data;  {run  FIND_DATA  proc  to  search  thru  GAMS  output  file} 

reset  (rcdata) ; 
rewrite  (xvar); 

xvar_file  (rows,  columns);  {run  XVAR_FILE  proc  to  copy  X  values  over} 

reset  (xvaf) ; 
rewrite  (compactim); 

emswer  (rows ,  columns) ;  {run  ANSWER  proc  to  output  to  screen  the  solution} 

end.  {solution} 


D.S  The  Complete  Screen  Output  of  the  Pseudo-Image  Loiu  Compactness  Exo.mple  | 

Run  I 

$  Qimaging  j 

THE  USE  OF  NETWORKS  FOR  SUBREGION  ALLOCATION:  I 

.BASED  .ON  CONCENs  DEVELOPED  BY  BENABDALLAH  AND  WRIGHT  j 

AND  IMPLEMENTATION  PROCEDURES  DEVELOPED  BY  BURKE.  j 

CREATED  BY  THOMAS  G.  REED  | 

S 

This  program  will  use  data  contained  in  the  text  file  | 

"IMAGE. DAT".  The  SAS  portion  of  the  program  will  create  | 

for  later  execution  the  SAS  file  "NSA"  (which  stands  for  8 

"Network  Subregion  Allocation").  | 

PUpOSE  I 

the'.purpose  of  this  program  is  twofold:  | 

(1)  determine  which  pixels  of  an  image  make  up  the  I 

subregion(s)  of  interest  as  specified  by  the  spectral  | 

and  spatial  requirements  of  the  program  user;  | 

representing; cost,  population,  grey  values,  distance,  etc.;  | 

INPUT  I 

The-data  matrix  MUST  be  contained  in  a  TEXT  file  called  IMAGE.DAT.  | 

the  user  will  be  queried  for  additional  information  as  needed.  | 

OUTPUT  I 

The  output  of  this  program  depends  on  the  options  chosen  by  the  [ 

user.  Working  files  used  for  data  manipulation  and  either  a  GAMS  | 

of  SAS  input  file  are  common  outputs  for  all  options.  | 

J 

NOTE:  the  image  cannot  exceed  20  cells  by  20  cells,  thank  you.  | 

Enter  the  number  of  ROWS  of  the  image/data  | 

12  f 

Enter  the  number  of  COLUMNS  of  the  image/data  | 

12  I 
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*;*_**  +  +  +  *  +  +  ***+_******j!c********l|t!|C*  +  +  *5(C  +  *******>(:5|C*l(ll!*  +  *******1t** 

.dRIGINAL,DATA  MATRIX: 


41 

21- 

12 

13 

22 

14 

15 

23 

16 

17 

18 

19 

41 

12 

24 

43 

14 

25 

15 

16 

17 

26 

18 

19 

44 

12 

13 

14 

15 

16 

47 

27 

28 

29 

18 

19 

44 

12 

13 

14 

21 

22 

23 

24 

25 

26 

27 

15 

4e 

IT' 

18 

28 

19 

29 

21 

22 

23 

24 

25 

41 

42 

13 

14 

25 

26 

27 

28 

29 

21 

22 

23 

24 

15 

16. 

17 

18 

25 

26 

27 

28 

19 

11 

12 

13 

■14 

15 

16 

17 

18 

22 

19 

11 

23 

24 

12 

13 

44 

id¬ 

16 

25 

17 

18 

19 

11 

26 

12 

13 

14 

15 

le; 

17 

18 

19 

11 

12 

13 

14 

15 

16 

17 

48 

49: 

11 

22 

12 

13 

14 

23 

15 

16 

17 

18 

49 

ID 

12 

43 

14 

15 

16 

17 

18 

19 

11 

12 

*:yt  +  **_****!|:*  +  >|c**  +  ********'ic*  +  J(e*  +  ******  +  +  *  +  *****  +  *:)e  +  *i(:**!|e](c  +  **  +  + 

#-'«pf  rows  is:  12;  columns  is:  12;  size  is:  144 


^t*!)!*****************-************* 

Enter  oiife  of  tKe  following: program  options: 

ir  IMAGE  SUBREGION  DETERMINATION 

(based'  on  spatial  and  spectral  requirements) 

2i  =K1N=C0ST  fUBREGION  DETERMINATION 

1 

NOTE:  The  subregion  minimum'  grey  value  you  are  about  to  enter 
must  hot  exceed  the  subregion  maximum  grey  value. 

Also,  both  must  be  between  0  and  255,  inclusive. 

Enter  the  MINIMUM  grey  value  of  the  subregion  of  interest 
20 

Efiter  the  MAXIMUM  grey  value  of  the  subregion  of  interest 
30 
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^ ^  ^  t  ^  ^  9|c  :|c  9|e  :f:  9|c  4c  i4c 3(e  }|c  ;t;  :fe  j|c  9|e  sfc  1 4c  %  ^  t  ^  9f:  ic  :4: 

working;  IMAGECWITH  "frame'': 


88 

CO 

CO 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

1 

88 

88 

1 

88 

88 

1 

88 

88 

88 

88 

88 

88 

88 

88 

1 

88 

88 

1 

88 

88 

88 

1 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

1 

1 

1 

88 

88 

88 

CO 

iCO 

88 

88 

88 

88 

1 

1 

1 

1 

1 

1 

1 

88 

88 

88 

88 

88 

88 

1 

88 

1 

1 

1 

1 

1 

1 

88 

88 

88 

88 

88 

88 

1 

1 

1 

1 

1 

1 

1 

1 

1 

88 

88 

88 

88 

88 

88 

1 

1 

1 

1 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

1 

88 

88 

1 

1 

88 

88 

88 

88 

88 

88 

88 

1 

88 

88 

88 

88 

1 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

1 

88: 

88 

88 

1 

88 

88 

88 

88 

88 

88 

88 

88 

88; 

88 

88 

.88 

88 

88 

88 

88 

88 

88 

88 

CO 

CO, 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

88 

NOTE:  Pixels  denoted  with  a  1  represent  subregion  candidate 
pixels  based  on  your  spectral  requirements. 

The  candidate  pixels  comprise  a  total  area  of:  43 


Enter  one  of  the  following  compactness/contiguity  options : 

******'*^****4******************** 
i:  None:  no  compactness/contiguity  requirements 

(show  all  pixels  within  the  grey  range  of  interest) 

2:  Marginal  compactness/contiguity  requirements 

(delete  single  pixel  renegades:) 

(pixels  must  have  at  least  one  1st-  or  2nd-order  neighbor) 
3:  Low  compactness/contiguity  requirements 

(pixels  must  have  at  least  one  Ist-order  neighbor) 

4:  Medium  cbmpactness/contiguity  requirements 

(pixels  must  have  at  least  two  total  neighbors) 

5:  High  compactness/contiguity  requirements 

(pixels  must  have  at  least  two  Ist-order  neighbors) 

3 

**********  FINDING  OPTIMUM  SOLUTION  .  .  .  PLE  .  E  WAIT  ******>^*** 
-~  GAMS  2.20 

-  Compiling  then  executing  GS09iD: [TREED. CFILES3NSA.DAT; 94 

--- -  Output  is  being  'iritten  to  GS091D: [TREED. CFILES]NSA.LIS;30 

-? —  Output  line  length  will  be  79  characters 

- —  Starting  ZOOM 

^--  Resuming  execution 

^--  All  done 
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SOyjTIOK=  IMAGE: 

1  2  3  4  5  6  7  8  9  10  11  12 

1  88  88  -88  88  88  88  88;  88  88  88  88  88 

2  :88  88  :88  88  88  88  88  88  88  1  88  88 

3  88  88 -p  88  88  88  88  1  1  1  88  88 

4‘:88  88  88  88  i  1  1  1  1  1  1  88 

5  88  88  88  1  88  1  1  1  1  1  1  88 

648  88  4  111111111 

7 =88  88  |8  88  1  1  1  1  88  88  88  88 

8  88  88  4  88  88  1  88  88  1  1  88  88 

9:!  |8  88  -88  88  88  88  88  88  1  88  88  88 

10!i88  88  88  88  88  88  88  88  88  :88  8848 
88  88  88  88  88  88:  88  88  88  88  88 

12  -88  88  88  88  88  88  88=  88  88  88  88  88 

NOXE:  Pixels  denoted  with  a  1  represent  actual  subregion  pixels 
as’-sdictated  by  your  spectral  ^d  spatial  requirements;  those 
deBbted  with  88  are  noh-subregion  pixels. 

the:  subregion  pixels  comprise  a  total  area  of :  35 
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D:4i  The  GAMS  Tnput  File  for  the  Low  Compactness  Example  Run 

SEfs^ 

:1  image:  rows  with  fr^e  /  I  *  14/ 

. J  image  cols  with  frame  /  1  *  14/ ; 

TABLE  C(I,J0  cost  matrix 

1  2  3;  4  5  6  7  8  9  10  11  12  13  14 

1  88  88  88  88  88  SB  88  88  88  88  88  88  88  88 

2:|8  88  1  88  88  1  88  88  1  88  88  88=88  88 

3:;88  88  88  1  88  88  1  88  88  88  1  88  88  88 

4  :|8  88  88: 88  88  88  88  88  1  1  1  88  88  88 

5  |8  88  88  88  88  1  1  1  1  1  1  1  88  88 

6i;88  88fe88  1:88  1  1  1  1  1  1  88  88 

T=|8  88  83j  88  1  1  1  1  1  i  1  1  1  88 

8388  88  Sf  :  88  88  1  1  1  1  83  88  88  8  88 

9-§  88  88  88  88  :88  1  88  88  1  1  88  88  88 

10*88  88  88.88  1  ;88  88  88  88  !•  88  88  :88  88 
lligS  88  88  88:=^  88  88  88  88  88  88  i88  88 

121p:  88  88?  88  1  =88  88  88  1  88  88  88  88  88 

13 -^8  88  :|8.  88  88  '88  88  88  88  88  88  88  88  88 

14  *§  88  8l'-88  88  =88  88  88  88  sl  88  88  .88  88; 

VARIABLES 

-Z  total  area  of  allocated  cells 
X(=I,J)  -the  image  cell; 
binary  VARiABLE  X; 

;EQi||tions  ' 

:SIZE  OBJECTIVE  FUNCTION 

:Ci(I,JX'  CONSTRAINT  FOR  NONSUBREGION  ALLOCATION 

C2(I,J)  CONSTRAINT  FOR  CONTIGUITY; 

SIZE.. 

Z  =E=  SUH((I.J),  X(I,J)); 

C1(I,J)$(C(I.J)  NEl).. 

■  X(I,J)  =E=  0; 

C2(I,J)$(C(I,J)  EQ  1).. 

X(I-l.J)  +  X(i,J+l)  +  X(I+1,J)  +  X(I,J-1)  -  X(I,J)  =G=  0; 

MODEL  SUBREGION  /ALL/; 

OPTIONS  ITERLIM  =  1000000,  RESLIH  =  1000000,  WORK  =  50000; 

OPTIONS  LIHROW  =  0,  LIHCOL  =  0; 

SOLVE  SUBREGION  USING  KIP  MAXIMIZING  Z; 

OPTION  MIP=ZOOM; 

DISPLAY  X.L: 


Dt5  The  Partial  Screen  Output  of  the  Pseudo-Image  High  Compactness  Example 
Rim 

Enter  one  of  the  following  compactness/contiguity  options: 

:tc  :(c  :tc  « :te  :t:  :|c  ;tc  t  *  *  ^  #  «  *  *  *  ^  *  *  *  :<=  :<<  4:  *  Hi  4:  *  4: 

1:  NoneL  no  compactness/contigui  requirements 

(show  all  pixels;  within  the  grey  range  of  interest) 

2:  Marginal  compactness/cohtiguity  requirements 

(delete  single  pixel  renegades:) 

(pixels  must  have  at  least  one  1st-  or  2nd-order  neighbor) 

3:  Low  compactness/contiguity  requirements 

(pixels  must  have  at  least  one  Ist-order  neighbor) 

4:  Medim  comp^actness/conti|uity  requirements 

(pixels  must  have  at  least  two  total  neighbors) 

5:  Higfricompacfness/cqntiguity  requirements 

(pixels  must  have  at  least  two  Ist-order  neighbors) 

5 

"**:#>****f  FINDING  OPTIMUM  SOLUTION  .  ,  PLEASE  WAIT  ********** 

**^%.**A**»******.***********>l‘************1t**»+*******+******** 

:SOLyTION  IMAGE: 

1  2  3  4  5  6  7  8  9  10  11  12 

i  ;88  88  88  88  88  88  88' 88  88  88  88  88 
2 ‘88  88  88  88  88  88  88  88  88  88  88  88 

3 ‘Is  88  88  88  88  88  88  1  1  1  88  88 

4;88  88  88  88  88  1  1  1  1  1  1  88 

58888888888  1  1  1  1  1  1  88 

6 .88  88  88  88  1  1  1  1  1  1  1  88 

7  88  88  88  88  1  1  1  1  88  88  88  88 

8'88  88  88  88  88  88  88  88  88  88  88  88 

9  :88  88  88  88  88  88  88  88  88  88  88  88 

10-88  88  88  88  88  88  88  88  88  88  88  88 

11  i88  88  88  88  88  88  88  88  88  88  88  88 

12  88  88  88  88  88  88  88- 88  88  88  88  88 

NOTE:  Pixels  denoted  with  a  1  represent  actual  subregion  pixels 
as  dictated  by  your  spectral  and  spatial  requirements ;  those 
denoted  with  88  are  non-subregion  pixels. 

The  subregion  pixels  comprise  a  total  area  of :  26 
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iP.6  The  Partial  Scrceii'Output  of  the  Real  Image  High  Compactness  Example  Run 

tNDTE:  THe  subregion  minimum  grey  value  you  are  about  to  enter 
imust  hot  exceed'.the  subregion  maximum  grey  value. 

/Also,  both  must  be  between  0  and  255,  inclusive. 

iEnter  the  MINIMUM  grey  value  of  the  subregion  of  interest 
200 

IEnter  the  MAXIMUM  grey  value  of  the  subregion  of  interest 
;255 

IWGRKIlWillMAGE  .rae  "FRAI^" : 

88  88S88  88  :88k|8  88  88*188  88  88;  88  88  88  88  88  88  88  88  88  88  88 

88  epfs  88  St^SiJs  88  88:;88  88  88  88  88  88  88  88  88  88  88  88  88  88 

;88  88;*^  88  8858§  88  88-.i88  88  38  88  88  88  88  88  1  1  1  1  1  88 

:88t88<g  88  88r!8^B  88=88"88  88  88  88  88  88  1  88  1  1  1  1  1  88 

;8;;8;  88-;p  88  88?88;  88  1:88  88  88  88  1  1  1  1  1  1  1  1  1  88 

188  88:f8  88  88=288  88  88=!88  88  88  88  88  88  1  88  1  1  1  1  1  88 

188=  885:88  ^8  88,=88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

i88  88-88=  88  88s|8  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

-88*  88:;p  88  *i8!s|8  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

:88. 88-88  88  88"88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

88  88  88  8848  88  88:  88  88  88  88  88  88  88  88  88  88  88  88  1  88 

■8§  1  -1  =88  88  i  1  88  88  88  88  88  88  88  88  1  1  1  88  88  1  88 

88  1  1  1  88  1  1  88  88  88  88  88  88  88  1  1  1  1  88  88  88  88 

.88  1  1  1  1  1  1  1  88  88  88  88  88  88  1  1  1  1  88  88  88  88 

88  11  1  1  1  1  1  88  88  88  88  88  88  88  1  1  88  88  88  88  88 

88  1  11  1  1  1  1  1  1  88  88  88  88  1  1  1  88  88  88  88  88 

88  1  1  1  1  1  88  88  88  1  1  88  88  8^  88  88  88  88  88  88  88  88 

88  1  88  88  88488  88  88  88  88  1  1  1  1  1  88  88  88  88  88  88  88 

88  1  |8  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

88  88  |8  88  88488  1  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

88  88  88  88  88  1  1  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

88  88-88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

NOTE:  Pixels  denoted  with  a  1  represent  subregion  candidate 

rpixels: based  on^your  spectral  requirements. 

The  candidate  pixels  comprise  a  total  area  of:  94 

.il[ic^it***A*****************1:*********************************** 

Enter  one  of  the  following  compactness/contiguity  options: 

?i  :  ;Nqpe:  no  c^pactness/contiguity  requirements 

(show  all  pixels  within  the  grey  range  of  interest) 

2:  Marginal  cirapactness/contiguity  requirements 

(delete  single  pixel  renegades : ) 

(pixels  must  have  at  least  one  1st-  or  2nd-ordor  neighbor) 
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3:  Lo«  conpactness/contiguity  requirenents 

(pixels  must  have  at  least  one  Ist-order  neighbor) 

4:  Medium  compactness/contiguity  requirements 

(pixels  must  have  at  least  two  total  neighbors) 

5:  High  coapactness/contiguity  requirements 

(pixels  must  have  at  least  two  Ist-order  neighbors) 

5 

♦*♦*♦****♦  FIKDIHG  OPTIMUM  SOLUTION  .  .  .  PLEASE  WAIT  ********** 
- GAMS  2.20 

-  Compiling  then  executing  GS091D: [TREED. CFILES3HSA.DAT;4 

-  Output  is  being  written  to  GS091D: [TREED. CFILES]HSA.LIS:31 

—  Output  line  length  will  be  79  characters 

-  Starting  ZOOM 

-  Resuming  execution 

-  Ail  done 

****************^***^t:HHi^L^::tit:it:^:^:t:t^^fi^^l,^^^4:^c^t***************** 

SOLUTION  IMAGE: 

1  2  34  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 

1  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

2  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  1  1  1  1  1 

3  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  1  1  1  1  1 

4  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  1  1  1  1  1 

5  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  1  1  1  1  1 

6  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

7  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

8  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

9  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

10  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

11  1  1  88  88  1  1  88  88  88  88  88  88  88  88  1  1  1  88  88  88 

12  1  1  1  88  1  1  88  88  88  88  88  88  88  1  1  1  1  88  88  88 

13  1  1  1  1  1  1  1  88  88  88  88  88  88  1  1  1  1  88  88  88 

14  1  1  1  1  1  1  1  88  88  88  88  88  88  88  1  1  88  88  88  88 

15  1  1  1  1  1  1  1  88  88  88  88  88  88  88  1  1  88  88  88  88 

16  1  1  1  1  1  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

17  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

18  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

19  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

20  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88  88 

NOTE:  Pixels  denoted  with  a  1  represent  actual  subregion  pixels 
as  dictated  by  your  spectral  and  spatial  requirements;  those 
denoted  with  88  are  non-subregion  pixels. 

The  subregion  pixels  comprise  a  total  area  of:  70 

****************************»***************************t*t** 


File  of  the  Real  Image  Example  Run 
6.550  SECONDS 


The  Partial  Output 

COMPILATION  TIME 

MODEL  STATISTICS 

BLOCKS  OF  EQUATIONS  3 

floCKS ;0F  VARIABLES  2 

NON  ZERO  ELEMENTS  1345 

GENERATION  TIME  = 

EXECUTION  TIME  = 

SOLVE 

MODEL  SUBREGION 
TYPE  HIP 
SOLVER  ZOOM 

«***  SOLVER  STATUS 
%***  MW)EL  STATUS 

OBJECTIVE  VALUE 

^RESOURCE  USAGE,  LIMIT 
■ITERATION  COUNT,  LIMIT 

Z  0  0  M  /  X  M  P 


SINGLE  EQUATIONS  485 
SINGLE  VARIABLES  485 
DISCRETE  VARIABLES  484 

2.030  SECONDS 

2.590  SECONDS 

SUMMARY 

OBJEC'TVE  Z 
DIRECTION  MAXIMIZE 
FROM  LINE  57 


1  NORMAL  COMPLETION 
8  INTEGER  SOLUTION 
70.0000 

1904.940  1000000.000 
35380  1000000 

Version  2.1  Oct  1988 


^Courtesy  of  Dr  Roy  E.  Marsten, 

Department  of  Management  Information  Systems, 
University  of  Arizona, 

Tucson  Arizona  85721,  U.S.A. 

No  options  file  found  -  using  defaults. 

'Work  space  needed  (estimate)  —  148185  words. 

Work  space  available  —  148185  words. 


Note:  The  stopping  tolerance  is  satisfied, 
but  the  solution  may  not  be  optimal. 

No  solution  better  than  77.500000  can  exist. 

(absolute  distance  7.5000000  ,  OPTCA  O.OOOOOOOOE+00  ) 

(relative  distance  9.6774E-02,  OPTCR  0.1000  ) 

The  branch  and  bound  tree  contained  156  nodes  (max.  50000  nodes). 

Iterations:  Initial  LP  528,  Time:  9.09998 

Heuristic  33,  410.430 

Branch  and  bound  34818,  1483.26 

Final  LP  1,  0.290039 
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Appendix  E.  The  Burke  Implementation  of  the  B&W  Models 


E.  i  A  Few  Words  Concerning  the  Work  of  Burke 

Most  of  the  specific  details  of  Burke’s  work  (4)  applicable  to  this  thesis  have  al¬ 
ready  been  explained  in  various  chapters  of  this  thesis.  To  note  is  the  fact  that  Burke 
also  worked  with  the  implementation  of  the  B&W  districting  model  and  heuristics 
which  were  not  examined  in  this  thesis  research.  His  specific  contributions  which 
marked  the  departure  point  of  this  thesis  effort  were  that  he: 

•  Determined  an  appropriate  solver  package  to  usl, 

•  Determined  a  way  to  properly  handle  perimeter  cells  to  ensure  proper  border 
calculations  for  the  model  constraints  and  objectives; 

•  Developed  computer  programs  to  implement  the  B&W  models; 

•  Experimented  with  many  problems  to  explore  the  efficient  frontier  of  the  ex¬ 
ample  solutions,  the  utility  of  the  B&W  models,  and  to  make  adjustments  and 
corrections  to  the  constraints  that  made  up  the  model. 
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iE.2  The  “MSA”  System  Program 

- - - - - - - ^ - - - - 

!  FILE:  HSA.COM 

!  DESCRIPTION:  Executes  the  GAMS  input  file  generator  then  GAMS  itself. 

:$  !  This  file  is  executed  interactively  using  the  command: 

$  ! 

:$  !  Qmsa 

:$  !  ENVIRONMENT:  VAX/VMS  (hercules) 

;$  !  AUTHOR:  DAN  BURKE 

!  DATE:  7/15/91 

- - - 

!$  CLEAR 

4 

:$  !  display  the  following  title  oh  CRT 
:$  TYPE  SYS$INPUT 

( 4;  :4: 3(c  :|c  :{e  :4e  4:  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  :fc  :fc  :tc  :(c  ^  3(c  ^  ^  ^  ^ 


•*  MULTIPLE  SUBREGION  ALLOCATION  MODELS  * 
*  * 
*  BY  BENABDALLAH  AND  WRIGHT  * 
■+  * 
•*  IMPLEMENTED  BY  DAN  BURKE  * 


-St!**********'**************************#************************************* 

;$  !  prompt  for  filenames 

li  INQUIRE  FILENAME  "Enter  Image  File  (Cost  Matrix)" 

:$  INQUIRE  GAMSFILE  "Enter  GAMS  File" 

;$ 

;$  !  define  keyboard  as  data  entry  source 
?$  DEFINE/USER.MODE  SYS$INPUT  SYS$COMHAND 
.$ 

s$  !  define  symbol  for  GAMS  input  file  generator 
•i  INPUT  ==  "$  STAFF: [DBURKE] MSA_INPUT.EXE" 

;$ 

1$  !  execute  GAMS  input  file  generator 
$  INPUT  'FILENAME'  'GAMSFILE' 

'$ 

$  !  execute  GAMS 
■$  GAMS  'GAMSFILE' 

:$ 

■$  !  delete  GAMS  input  file  (since  GAMS  output  file  contains  a  copy) 

$  DELETE  'GAMSFILE';* 

:$ 


Bibliography 


1.  Benabdallah,  Salah  and  Jeff  R.  Wright.  “Multiple  Subregion  Ailooation  Mod- 
elo.”  Unpublished  manuscript,  1990. 

2.  Benie,  Goze  Bertin  and  others.  “A  Comparison  of  Four  Segmentation  Algo¬ 

rithms  in  the  Context  of  Agricultural  Remote  Sensing,”  ISPRS  Journal  of  Pho- 
tqgrammetry  and  Remote  Sensing,  (September  1989). 

3.  Bruynooghe^  M.  “Recent  Results  in  Clustering  Very  Large  Data  Sets.”  Astron¬ 
omy  from  Large  Databases:  ESO  Conference  and  Workshop  Proceedings,  28. 
101-106.  Germany:  European  Southern  Observatory,  January  1988. 

4.  Burke,  Dan,;Research  Assistant.  Personal  interviews,  instruction,  and  handouts, 
July  1991.  Air  Force  Institute  of  Technology,  Wright- Patterson  AFB,  OH. 

5.  Celenk,  Mehmet  and  Prabhashankar  Lakshman.  “Parallel  Implementation  of 
the  Split  and  Merge  Algorithm  on  Hypercube  Processors  for  Object  Detection 
and  Recognition.”  Proceedings  of  the  SPIE:  Applications  of  Artificial  Intelli¬ 
gence  VII,  1095.  251-262.  Washington:  SPIE,  March  1989. 

6;  Chan,  Yupo.  “Remote  Sensing  and  Geographic  Information  Systems:  Applica¬ 
tions  to  Spatial -Temporal  Analysis.”  Unpublished  manuscript,  1991. 

;7.  Chan,  Yupo.  OPER  1:61:  Networks  and  Combinatorial  Optimization.  School 
of  Engineering,  Air  Force  Institute  of  Technology  (AU),  Wright-Patterson  AFB, 
OH,  Summer,  1991.  Class  lectures  and  handouts. 

8.  Chan,  Yupo  and  Thomas  S.  Kelso.  OPER  6.37:  Anabjsis  and  Modelling  of 
Spatial-Temporal  Information.  School  of  Engineering,  Air  Force  Institute  of 
Technology  (AU),  Wright-Patterson  AFB,  OH,  Summer,  1991.  Class  lectures 
and  handouts. 

9.  Haddon,  John  F.  and  James  F.  Boyce.  “The  Unification  of  Region  and  Edge 
Information  for  Image  Segmentation.”  Proceedings  of  the  SPIE:  Multispectral 
Image  Processing  and  Enhancement,  933.  15-22.  Washington:  SPIE,  April 
1988. 

10.  Joshi,  Ashok  Kumar.  “Automatic  Detection  of  Lineaments  from  Landsat  Data.” 
Proceedings  of  the  IGARSS  ‘89  12th  Canadian  Symposium  on  Remote  Sensing. 
85-88.  Canada:  IGARSS,  July  1989. 

11 .  Klasse,  Dorothy  Fay.  Use  of  Satellite  Imagery  to  Monitor  the  Oasis  Agricul¬ 
ture  in  the  Turpan  Depression,  Xinjiang  Uygur  Autonomous  Region,  People’s 
Republic  of  China-A  Case  Study.  MS  thesis.  University  of  Hawaii,  May  1990. 
DTIC#  AD-A220  613. 


287 


12.  Lalitha,  L.  “A  Technique  for  Road  Detection  from  High  Resolution  Satellite 
Images.”  Proceedings  of  the  IGARSS  ‘89  12th  Canadian  Sijmposhim  on  Remote 
Sensing.  2246-2249.  Canada:  IGARSS,  July  1989. 

13.  Lee,  Changkyu  and  others.  “Image  Segmentation  Using  the  Morphological 
Pyramid.”  Proceedings  of  the  SPlE:  Applications  of  Artificial  Intelligence  VII, 
1095.  208-221.  Washington:  SPIE,  March  1989. 

14.  Meyer,  Robert  H.  and  Kevin  K.  Tong.  “Detection  of  Airplanes  in  Aerial  Im¬ 
agery.”  Proceedings  of  the  SPIE:  Applications  of  Digital  Image  Processing  XII, 
1153.  456-467.  Washington:  SPIE,  August  1989. 

15.  Sarny,  R.A.  and  A.  Lucas.  “I.R.  Aerial  Images  Segmentation  Based  on  Corre¬ 
lation  of  Local  Histograms.”  Proceedings  of  the  SPIE:  Applications  of  Digital 
Image  Processing  XII,  1153.  477-484.  Washington:  SPIE,  August  1989. 

16.  Smith,  Stanley  H.  and  Youcef  Oubraham.  “Automatic  Object  Detection  and 
Recognition  Using  Simple  Geometric  Primitives.”  Proceedings  of  the  SPIE:  Ap¬ 
plications  of  Digital  Image  Processing  XII,  1153.  363-375.  Washington:  SPIE, 
August  1989. 

17'.  Sudibjo,  E.R.  and  others.  “Digital  Enhancement  of  STAR-1  SAR  Imagery 
for  Linear  Feature  Extraction.”  Proceedings  of  the  IGARSS  ‘89  12th  Canadian 
Symposium  on  Remote  Sensing.  2242-2245.  Canada:  IGARSS,  July  1989. 

18.  Wang,  Jinfei  and  Philip  J.  Howarth.  “Edge  Following  as  Graph  Searching 
and  Hough  Transform  Algorithms  for  Lineament  Detection.”  Proceedings  of  the 
IGARSS  ‘89  12th  Canadian  Symposium  on  Remote  Sensing.  93-96.  Canada: 
IGARSS,  July  1989. 

19.  Zelek,  John  S.  “Computer-Aided  Linear  Planimetric  Feature  Extraction.”  Pro¬ 
ceedings  of  the  IGARSS  ‘89  12th  Canadian  Symposium  on  Remote  Sensing. 
2250-2253.  Canada:  IGARSS,  July  1989. 

20.  Zhu,  Zhipu  and  Yongmin  Kim.  “Algorithm  for  Automatic  Road  Recognition  on 
Digitized  Map  Images,”  Optical  Engineering,  S5(9):949-954  (September  1989). 


288 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OM8  No.  0704-0188 


PoONc  cu^sen  ♦or  Heaton  o*  .titormauon  e^ttmatsa  toavoraqe  i  nour  cor  resoorse.  .ncsoding  tne  t.fne  tor  tcv  owing  mstfwanjnv  >odr.'i.r.g  ex  >t  jitj 

gathering  jftd  murtaining  the  data  neoceo,  and  comDieling  ana  reviewing  t.‘'e -.04  5a«onot  .nlormauon  Sena  ^cntmentjreqarltng  this  burden  esi  mate  -r  jn^  .fer  »i.;ea  J  "x.s 
conert  on  o»  ♦ntormatton  mcjuamg  suggestions  tor  reduung  this  oureen  to  Washington  neadcuarters  Sefvji.es.  i.'ireviOfatc  for  »nforination  Ooeraiions  ma  ‘^eoxyits  *.  5  r’*e!Sk  - 
OavisHighwa/.  Su'te  *204,  Arlington,  ./a  22202*4302.  and  !otheOtl»^e  of  Management  ana  3uCge»  PaD€rwof<ReduaionPrcjei.t{0704.0i38),’Wash.ngv.<n,  ,,C  *0503 


I.'tagency  use  only  'Leave  blank) 


2.  REPORT  DATE 
December  1991 


3.  REPORT  TYPE  AND  DATES  COVERED 
Master’s  Thesis 


4.  TITLE  AND  SUBTITLE 

BINARY  PROGRAMMING  MODELS  OF  SPATIAL  PATTERN  RECOG¬ 
NITION:  APPLICATIONS  IN  REMOTE  SENSING  IMAGE  ANALYSIS 


6..AUTHCR(S) 

Thomas  G.  Reed,  Captain,  USAF 


/.’.PERFORMING  ORGANIZATION  NAME(S)  AND  AOOR£SS(ES) 

Air  Force  Institute  of  Technology,  WPAFB  OH  45433-6583 


9r::SPOMSORING/ MONITORING  AGENCY  NAME{S)  AND  ADORESS(ES) 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

AFIT/GSO/ENS/91D-15 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 


12b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (Maximum  200  words) 

The  major  purpose  of  this  investigation  was  to  implement  sabiegion  allocation  objectives  using  a  network  model 
based  on  an  e.xisting  subregion  allocation  binary  program.ning  model  (Benabdallah  and  Wright  (B^-W),  1090), 
the  ultimate  goal  being  the  application  of  subregion  allocavioi,  concepts  towards  the  spatial  an  Ivsis  of  satellite 
imagery. 

The  multi-objective  aspects  ol  subregion  alL.."tion  can  be  accomplished  via  a  network  formulation,  a  formu¬ 
lation  vastly  simpler  in  complexity  than  the  binary  prc§r-\u.n.r.f  .nodels  previously  used.  Without  a  network 
programming  package  that  could  maintain  integral  fiews,  .  -ver,  deriving  *he  solution  was  a  tiresome  task  for 
the  user.  Nonetheless,  several  new  concepts  and  advantages  to  using  networks  were  discussed  and  demonstrated 
to  the  degree  possible. 

Spatial  analysis  could  benefit  from  applying  a  modi.wd  version  of  the  B&W  model  to  the  pi.xels  of  satellite 
imagery  in  a  way  which  takes  ad.autage  of  the  inherent  contiguity  of  natural  terrain  subregions.  Trending  and 
forecasting  of  subregion  changes,  tasl  s  that  rely  on  acquiring  data  in  a  consistent  manner  image  after  image, 
could  benefit  due  to  the  fact  that  major  spatial  characteristics  of  subregions  could  be  extracted,  and  minor 
spatial  changes  could  be  removed. 
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